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SUMMARY 
The major objective of this study was to draft a model urban drain-
age ordinance based on the problems, ordinances, and experiences of urban 
areas. In addition the use of technical information in drainage and 
erosion control ordinances was investigated, the use of hydrologic com-
puter simulation in an urban drainage program was documented, and the 
objectives and problems associated with achieving those objectives 
through existing urban drainage programs were discussed. 
This study deals with the interaction between the technical and the 
nontechnical aspects of practical drainage problems. Scientific princi-
ples and documented experiences do not always provide an adequate basis 
for dealing with these problems. Consequently, personal opinion, politi-
cal pressure, expediency, past precedents, etc., are sometimes the domi-
nant forces behind those actions that are adopted. A literature review, 
conducted as part of this study, indicated that there has been very lit-
tle documentation from which to evaluate the effectiveness of urban drain-
age ordinances and programs. Some governmental agencies have written 
model drainage regulations, but little or no research has been done to 
determine the effectiveness of these ordinances or the problems in ad-
ministering them. Thus, the direction taken in this study was to ag-
gregate the experiences of several urban areas to provide as general as 
possible an information base for formulating a model ordinance. 
Initial contacts were made with over 30 cities and counties through-
out the United States to determine which areas had relevant experience 
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a dealing with urban drainage problems, whether they would be interested 
participating in this study, and whether they felt they could benefit 
.ram the results of such a study. From these contacts the following com-
unities were selected: Atlanta Metropolitan Area (City of Atlanta, 
DeK lb, Fulton, and Clayton Counties); Chicago, Illinois (Chicago Sant-
nary District); Fairfax County, Virginia; Ingham County, Michigan; and 
mpa, Florida. 
The drainage program in each of these communities was intensively 
t udied through a review of all available publications, interviews with 
Jr,d a review of the files of the personnel involved in the local drain-
age program (both from within and outside the governmental structure), 
review of the local ordinances, and any other available documentation on 
the drainage program. This information was compiled into written case 
tudies which were reviewed by several persons from each community to 
..alidate the accuracy of the material presented. These case studies 
',en served as the data base for the model ordinance proposed in the 
Accompanying the proposed model ordinance, commentaries document 
each provision of the ordinance is included and how the model ordi- 
nance relates to the ordinances and drainage programs from the communities 
tudied. It is intended that this model ordinance will serve as a guide 
to aid in the drafting of drainage ordinances for specific areas, and not 
be adopted verbatim without prior review of conditions affecting local 
applicability. The results of this study should be useful not only in 
the communities that were studied but in any urban or urbanizing area 
that is formulating or revising a drainage program. 
ChAPTER 1 
INTRODUCTION 
Erosion, sediment control, hydrologic and hydraulic studies, flood 
plains - these and other terms related to drainage are receiving sub-
stantial public attention in many urban areas throughout the country. 
Advances through research and experience are allowing engineers to be-
come more sophisticated in their approach to urban drainage problems. 
At the same time, preliminary investigations in the Atlanta Metropolitan 
Area indicated that storm water management practices and drainage or-
dinances are taking little advantage of recent advances in urban drain-
age theory and the practices employed in communities with experience in 
urban drainage. 
In order to take an in-depth look into the problems of urban drain-
age and drainage ordinances, a study of the drainage programs of several 
.urban areas was undertaken. The results of this study are reported here-
in. The tasks involved in this study were as follows: 
1. Select and study jurisdictions which have made a significant 
contribution to some aspect of urban drainage. 
2. Develop a model urban drainage ordinance from the following 
data base: 
a) information obtained from interviews with persons in-
volved in the drainage program of the areas selected, 
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b) information obtained from the personal and public files 
of the persons interviewed, 
c) information gained from literature concerning the drain-
age programs under study, 
d) general information from literature pertaining to urban 
drainage and drainage ordinances. 
3. Outline and discuss a recent research project in DeKalb County 
Georgia, dealing with hydrologic computer simulation and re-
late this work to the urban drainage ordinance presented in 
this thesis. 
In formulating this study it was assumed that the experiences, or-
dinances, and procedures of several urban areas could be used to docu-
ment successes and/or failures of existing ordinances to fulfill their 
intended purposes and of difficulties in ordinance administration. Also 
the lessons learned from these experiences could be used as the basis 
for the formulation of an urban drainage ordinance that could be adopted 
by both urban and urbanizing areas. 
The results of this study should be useful not only in the areas 
that were studied but in any urban or urbanizing area that is formulating 
or revising a drainage program. It is hoped that the experiences of the 
areas studied can be used by others to guide their development of an 
effective drainage program. 
Development of the Study  
The study was started in the fall of 1972. Initial contacts were 
made with engineering personnel from the city and county governments 
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within the Atlanta Metropolitan Area. 	From these contacts, IL wary deter- 
mined that a study directed primarily at the formulation of an urban 
drainage ordinance was needed, wanted, and would be relevant to the 
drainage problems of urban areas. In the Atlanta Metropolitan Area, the 
City of Atlanta, DeKalb, Fulton, and Clayton Counties, and the Home Build-
ers Association of Metropolitan Atlanta, agreed to participate and par-
tially fund the study. 
The next step in the study was to contact officials in over thir-
ty cities and counties throughout the United States to determine which 
areas had relevant experience in dealing with urban drainage problems, 
whether they would be interested in participating in this study, and 
whether they felt they could benefit from the results of such a study. 
From these contacts, officials in twelve cities and counties agreed to 
participate but several had little experience in urban drainage or were 
just beginning to formulate their drainage programs. In the end, the 
following areas were selected and agreed to participate and augment the 
studies in the Atlanta Metropolitan Area: Chicago, Illinois; Tampa, 
Florida; Fairfax County, Virginia; and Ingham County, Michigan. 
Following is a brief explanation of why each of these areas was 
selected: 
1. Chicago, Illinois (Chicago Sanitary District) - The Chicago 
Sanitary District has had extensive involvement in almost 
every phase of urban drainage including computer simulation, 
drainage ordinances, flood plain regulations and other tech-
nical aspects of urban drainage. 
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2. Tampa, Florida - Tampa has recently done some innovative 
work pertaining to centralized detention storage facilities 
for flood control. 
3. Fairfax County, Virginia - Fairfax County has an elaborate 
erosion and sediment control program which has been active 
for many years. The County is also involved in an exten-
sive computer simulation program which is of interest in 
this study. 
4. ingham County, Michigan - At the time of this study, a com-
puter simulation program dealing with flood and drainage 
problems throughout the County was being developed. Ingham 
County also had a drainage ordinance which included many as-
pects not found in the other ordinances studied. 
5. Atlanta Metropolitan Area - The Atlanta Metropolitan Area 
was selected because of the local interest in urban drain-
age and flooding problems. The Atlanta Area also repre-
sented urban governments that were just beginning to for-
mulate drainage ordinances and programs in contrast to 
several of the other areas studied which had been dealing 
with these subjects for many years. 
Interview trips were then arranged to these cities and counties. 
Approximately one week was spent in each area interviewing public of-
ficials, engineering and planning personnel, engineering consultants, 
and other persons interested in urban drainage. After each of these 
trips the information obtained from the personal interviews and whatever 
Literature or documents were available was compiled into case studies. 
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Thus, the case studies contain a groat deal of InlormatIon about the 
different drainage programs and problems encountered in administering 
them. Some of this information will be used to document the material 
contained in the next five chapters of this thesis. The primary func-
tion of the case studies is to present information about the drain-
age programs studied, as related by the individuals interviewed. 
All of the case studies were sent back to the cities or counties 
for their review and comment. Copies of the case studies were sent for 
evaluation and comment to the offices of the Home Builders Association 
in the areas studied. The case studies from the Atlanta Metropolitan 
Area were reviewed by personnel from the U.S. Army Corps of Engineers, 
Consulting Engineers working on the Atlanta Urban Study, and the Atlanta 
Regional Commission. Thus the accuracy of the information presented 
was validated by having persons outside the city or county structure 
read and comment on the individual case studies. A copy of each case 
study is included in the Appendices. 
During this same period, a literature search was conducted to de-
termine what advances in the area of urban drainage (specifically hydro-
logy) could be applied to an urban drainage program. 
With the literature search and case studies as background ma-
terial the main body of this thesis was written. Since the author has 
been working as a Drainage Engineer for Cobb County, Georgia (another 
of the Atlanta Metropolitan Counties) during most of the time that this 
research was being conducted, his experiences with this County have 
been cited in several sections of this thesis. 
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Study Criteria  
This study deals with the technical and nontechnical aspects of 
practical drainage problems. Scientific principles and/or documentation 
of previous results are not always adequate as a basis for dealing with 
these problems. Personal opinion, political pressure, expediency, past 
precedents, etc., are sometimes the dominant forces behind adopted solu-
tions. A literature review, conducted as part of this study, indicated 
there has been very little documentation of urban drainage practices 
and ordinances. Several governmental agencies have written model regu-
lations for flood plains (similar to reference 25) but little or no re-
search has been done to determine the effectiveness of these ordinances 
or problems in administering them. 
The direction taken in this study is to use the experiences of 
several urban areas as an information base for formulating the different 
proposals contained herein. Thus the experiences of the persons inter-
viewed, including those of the author's committee, and their interpreta-
tions of and opinions on those experiences will be used as the main docu-
mentation for advancing these proposals. Following are some of the cri-
teria used to evaluate the significance and validity of the various 
opinions obtained in the interviews: 
1. The opinions given concerning different aspects of the drain-
age programs studied were compared to the following (when 
such information was available): 
a) number and severity of drainage complaints received from 
local citizens, 
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b) extent of drainage problems in the area, 
c) flood damages as related to the magnitude of historic 
storms in the areas studied, 
d) problems encountered in the administration of the dif-
ferent aspects of the programs. 
2. The consistency with which different aspects of the drainage 
program were reported by the persons interviewed (both with-
in and outside the governmental unit being studied). 
3. When possible, the opinions given in the interviews were com-
pared with available documentation (reports, Corps of En-
gineers Studies, U.S. Geological Survey Studies, planning 
reports and studies, etc.) 
4. Opinions from many people associated with different aspects 
of the drainage program were obtained and compared; including 
engineers, county and city personnel, developers, politicians, 
etc. 
5. Factors such as the following: 
a) How long had the ordinance or regulation been in effect? 
b) How often and what changes have been made in the or-
dinance or program? 
c) The number and quality of personnel used in the admin-
istration of the program (quality was related to educa-
tion, professional registration, and the author's im-
pression from reviewing studies done by the individuals 
interviewed). 
d) how often had different aspects of the drainage program 
been used to solve or avoid drainage problems? 
Thus the basis for the proposals and recommendations included 
herein are the experiences of the areas studied plus the author's ex-
orico e. 	Thrt t o u ghout the thesis the author has made pan effort to 
ccedit ;pecittc regulations or procedures used as the basis for the 
roposed model urban drainage ordinance. 
Original Study Goals 
An early step in structuring this study was to translate the 
general objective of collecting, evaluating, and organizing information 
for use in upgrading urban drainage practice into specific study goals 
(which were later revised). Following is a brief discussion of the 
our original study goals and how they were changed as the study pro-
1,ressed. 
Develop Guidelines for drainage and Erosion Control Ordinances 
Soon after this study was started and contacts were made with 
pity and county personnel, it became evident a model ordinance that 
could he readily adapted to fit local conditions would be more valuable 
ion broad guidelines. The people interviewed expressed the opinion 
that an ordinance written from an objective position outside the 
formal pressures of the county or city would be most valuable. Thus, 
to make this thesis as useful as possible, guidelines were developed 
rum the results of the case studies and then these guidelines were 
used to write the model urban drainage ordinance and accompanying com-
mentary presented in Chapter tV. 
8 
9 
Determine the Objectives of Local  Governments in Regards to Drainage 
Erosion and Flood  Control  
Only two jurisdictions studied had formulated written objectives 
specifically for drainage, erosion, and flood control. Many of those 
interviewed had not even considered the formulation of objectives and 
in some jurisdictions whatever objectives did exist had evolved through 
the years in unwritten form. When the ordinances and other aspects of 
the different drainage programs were formulated, there must have been 
some objectives. For some reason these objectives were not written 
down and through the years were forgotten or interpreted differently by 
the different persons interviewed. Often people with different in-
terests will agree on a certain course of action to achieve a given re-
sult but will not agree on the specific objectives or reasons for sup-
porting this action. This could account for the different interpreta-
tions and lack of written information on objectives. 
In addition to stated objectives, drainage programs and ordi-
nances include many inherent or inferred objectives. The author has 
attempted to document and use them in the subsequent discussions. 
Determine Adequacy of Existing Ordinances in  Meeting these Objectives  
Since there was very little reliable data on objectives in most 
jurisdictions, the adequacy of the ordinances in meeting these objec-
tives could not be evaluated except in general terms. Several of the 
areas studied had recently adopted their ordinance and thus have had 
little experience in its application and results. In the other areas 
there were no accurate records, such as the following, which could have 
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been used to document the effectiveness of adoption and implementation 
of the ordinance; 
1. flood damages in quantitative terms before and/or after 
the adoption of the ordinance, 
2. accurate maintenance records to determine changes in 
quantity or severity of maintenance problems after the 
adoption of the ordinance, 
3. data to evaluate how the drainage system functioned during 
different storm events, 
4. extent of compliance with ordinance, 
5. hydrologic evaluation of ordinance, 
6. community satisfaction. 
Also hampering any evaluation of ordinance effectiveness was the 
fact that most drainage programs have been changed continually through 
the years with no accurate records to document changes. Thus, even if 
the above information had been available, it would have been difficult 
to correlate changes in drainage problems with specific changes in the 
drainage program. As a result much more approximate methods to evaluate 
ordinance adequacy and effectiveness had to be used than were antic-
ipated during the formulation of this study. Hard data had to be re-
placed by personal opinions, broad interpretation of available docu-
mentation, general reactions of the persons interviewed, inferred ob-
jectives and information, etc. 
Incorporate Technical Information in Drainage and Erosion Control Ordinances  
The use of technical information in drainage programs was ex- 
plored in the interviews and literature search. The results of this 
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inquiry were used as the basis for the discussions concerning the func-
tion of a Flood and Erosion Control Manual and the use of computer simu-
lation in an overall drainage program. This goal remained unchanged as 
the study progressed. 
Final Study Goals  
As a result of the experiences indicated above, the following 
are the final study goals. 
1. Develop a drainage ordinance based on the experience of 
the personnel within the areas studied, existing ordinances, 
author's personal experience, and current literature concern-
ing urban drainage ordinances. 
2. Investigate the use of technical information in drainage and 
erosion control ordinances. 
3. Document the use of computer simulation in the DeKalb County 
Drainage Project and relate this work to the drainage ordi-
nance from study goal (1) above. 
4. Discuss in general terms the objectives and problems of urban 
drainage programs. 
In order to present the logical order of how these study goals 
were pursued, this thesis is divided into six chapters. Following is 
a brief outline of the main content of these chapters. 
Chapter I - Introduction 
Chapter II - Hydrologic Computer Simulation in DeKalb County - 
The analysis of urban drainage problems is becoming more complex 
and beyond the scope of those hydrologic techniques which have 
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become standard practice in most urban areas. Hydrologic 
computer simulation offers one means of dealing with these com-
plex problems. Chapter II documents the use of hydrologic com-
puter simulation in DeKalb County, Georgia. Since many of the 
recommendations included in subsequent chapters refer to the 
use of hydrologic computer simulation, it is necessary for the 
reader to become familiar with the general concepts involved. 
Chapter III - Drafting a Drainage Ordinance - This chapter 
builds on the information on available hydrologic techniques 
to discuss some of the general considerations that a community 
should consider before they draft drainage regulations. 
Chapter IV - An Urban Drainage Ordinance - Nineteen provisions 
of a model urban drainage ordinance are outlined and discussed 
in this chapter. The discussions include why these provisions 
should be included and how they relate to the different or-
dinances of the jurisdictions studied. 
Chapter V - Formulating a Drainage Program - A discussion of 
administration of a drainage ordinance, technical aids required, 
and field inspection are included in this chapter. 
Chapter VI - Conclusion - A summary of this survey and analysis 
of urban drainage ordinances is given which includes an evalu-
ation of how well the study objectives were fulfilled and re-
commendations for communities anticipating using the results 
of this study. 
The above organization of chapters was selected so that the 
reader would be familiar with certain concepts and procedures which 
are then used in subsequent discussions. 
CHAPTER 11 
HYDROLOGIC COMPUTER SIMULATION IN DEKALB COUNTY 
Problems involving hydrology have for years been analyzed by 
means of empiric methods or formulas, many of which date their origin 
hack to the late 1800's. These methods employ the use of coefficients 
which attempt to account for many different aspects of the hydrologic 
cycle. Many of the engineers contacted in this study stated that these 
methods give conservative results and thus add a safety factor to the 
design process by oversizing drainage facilities. Although this may be 
true, today in many urban areas severe limitations are being placed on 
development in flood plain areas, the limits of which are being deter-
mined by these empirical methods or formulas; drainage structures are 
being sized to limit storm runoff, and oversizing these structures will 
limit their effectiveness; and the economics of drainage design are de-
manding more accurate and reliable hydrologic methods. 
These empiric methods depend on the selection of a critical de-
sign storm which is used to estimate peak discharges and storm hydro-
graphs. In estimating a design flood from a design storm, considerable 
judgment is required and unreliable results may be obtained. Today, 
with the use of digital computers, it is possible to utilize long periods 
of precipitation and runoff data to estimate flood peaks, flood hydro-
graphs, low flows, etc. Thus, it is possible to continuously monitor 
the water balance within a watershed or several watersheds. In addition 
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the effects of urbanization can be quickly and accurately assessed by 
use of computer programming techniques. 
Before a community drafts a drainage ordinance that will depend 
on advanced engineering techniques for its proper administration, they 
should consider what techniques are needed and available and their as-
sociated costs. Following is a description of a study being conducted 
in DeKalb County, Georgia, the purpose of which is to provide this 
County the technical tool necessary to adequately implement its drain-
age program. 
Hydrologic Computer  Simulation 
In reviewing hydrologic methods presently being used by engineers, 
it becomes readily apparent that only portions of the hydrologic cycle 
are incorporated in these methods. Many components of the cycle and de-
tails of the drainage system are lumped together and represented by con-
stints and one or two variables. Such procedures greatly simplify the 
computations but introduce broad assumptions which have not always been 
verified by scientific research and study. Recent hydrologic research 
has led to a method (hydrologic computer simulation) that accounts for 
the major components of the runoff process and allows a detailed descrip- 
tion of the drainage system. This involves so many different 
Lions that a solution is physically impossible by conventional hand me- 
thods, but with the use of digital computers, solutions are possible 
and economical. The entire hydrologic cycle and the details of the 
drainage system can be simulated and alternative designs evaluated. 
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Hydrologic simulation is a numerical technique for conducting ex-
periments on a digital computer. It involves certain types of mathema-
tical and logical relationships (models) that describe the behavior of 
a hydrologic system over extended periods of real time. In other words, 
continuous digital simulation of a hydrologic system is the operation 
of a computer model which represents the essential features of the ac-
tual system being modeled. 
A hydrologic model describes the response of a drainage area, 
composed of a network of interconnected stream channels and the adjacent 
land area that slopes downward toward those channels. In essence, a 
hydrologic model describes some or all of the components of the runoff 
process that are active in the drainage area. These include precipita-
tion, evaporation, transpiration of plants, infiltration of water into 
the soil, drainage of storm water over the ground surface, movement of 
water down the stream channel system,• and storage and detention of water 
on the ground surface, in the soil, in stream channels, and in lakes and 
reservoirs. 
DeKalb County Study  
The Georgia Institute of Technology contracted with DeKalb County, 
Georgia in 1974 to do a computer simulation study entitled, "Utiliza-
tion of a Computer Model to Determine the Impact of Urban Development on 
Flooding in DeKalb County." 
Dr. Alan Lumb, of the Georgia Tech School of Civil Engineering is 
the project director for this study and the materials discussed in this 
chapter were obtained from his project files and personal comments. 
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Study Objective 
The objective of this study is to develop a hydrologic simulation 
model to determine the impact of urban development or potential develop-
ment on downstream flooding in DeKalb County and evaluate measures to re-
duce the damaging impact. 
Anticipated Benefits 
Following is a discussion of some of the benefits that could re-
sult from the computer simulation study in DeKalb County. 
County. The computer model from this study will be a unique and 
valuable tool for the County's drainage program. With the use of this 
model the following will be possible: 
1. An accurate up-to-date flood plain map can be maintained 
to show continually the results of current development. 
Such maps can be a dynamic tool for County use in drainage 
planning rather than a static base like the existing flood 
plain reports. Also, by using the same model for any water-
shed in the entire County, consistency in procedures and 
methodology can be achieved. 
2. The model will permit quick, economical, and accurate hydro-
logic evaluation of existing and proposed drainage structures 
and development within tributary areas. Thus it will be pos-
sible to assess accurately the effects of different designs 
for proposed drainage structures or changes in existing drain-
age structures. 
3. The model can be used to evaluate the interrelationships 
between several developments and proposed drainage structures. 
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4. Alternate solutions to drainage problems can quickly and eco-
nomically be evaluated. 
5. Anticipated drainage requirements resulting from different 
land uses and configurations of development will be avail-
able for zoning and development decisions. 
6. The effects of major floods on existing developments and 
structures within the flood plain can be determined and al-
ternate solutions evaluated. 
7. Since flood plain land is assessed, for tax and other pur-
poses, at a much lower rate than other land it is to the 
County's advantage to accurately determine the limits of 
the flood plain, and changes in these limits, so that ex-
cess area is not designated as flood plain land. It is 
also possible that the results of the model will show that 
areas not considered as flood plain do lie within the limits 
of the flood plain. 
Developers and Realtors. With the use of the model the following 
benefits to developers and realtors are possible: 
1. If an accurate up-to-date flood plain map is available, a de-
veloper or realtor will be able to quickly assess how much 
of a proposed development will be located within the flood 
plain. 
2. Developers will be encouraged to work with the County to 
evaluate potential drainage problems and alternate solutions. 
This encouragement will be fostered since the County will be 
able to provide answers quickly at minimal cost. 
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3. It is anticipated that the computer model will form a liaison 
between developers and the County to solve and/or prevent 
drainage problems within the County. 
4. The model can relieve the developers of having to submit de-
tailed flood plain studies for their proposed developments 
within the areas where the computer model is applied, but 
will require them to submit data on land use changes so the 
County will have better imput when they run the model. The 
Federal Government and local lending institutions are very 
hesitant about supporting development within flood plain 
areas since passage of the Flood Disaster Protection Act of 
1973. As a result developers now have to submit detailed 
studies to evaluate flood plain areas in order to finance 
developments. The cost of these studies can range from 
several hundred to thousands of dollars. This cost can be 
a financial burden to small developers. 
5. With the cost of land in the Atlanta Metropolitan Area rang- 
ing from $20,000/acre to over $100,000/acre, it can be very 
costly to over estimate the limits of the flood plain. 
individual Citizen. With the use of the model the following bene-
fits to individual citizens are possible: 
1. When a citizen wants to develop a site for a private residence 
or small business, it becomes a significant financial burden 
for him to have to pay for an engineering study to determine 
the limits of the flood plain. With an up-to-date flood 
plain map, the citizen would only have to refer to this map 
for the needed information. 
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2. An up-to-date flood plain map would inform purchasers of land 
where the flood plain limits are. Thus, it would be less 
likely that unsuspecting purchasers would be sold flood plain 
land under the pretext it could be developed for other pur-
poses. It is assumed the County will publish flood plain 
maps to make this information available to the public. 
Model Calibration  
The model being used in this study is general in nature and can 
be made to describe a wide range of hydrologic conditions and watershed 
characteristics. This model can be made to describe specific drainage 
areas by the correct selection of the values of parameters that occur in 
the mathematical expressions which make up the model. The selection of 
parameter values is referred to as "model calibration", and is one of 
the most important parts of the overall study. 
Model calibration is an iterative procedure which involves (1) 
initial estimation of parameter values, (2) simulation of historical 
(previously measured and recorded) storm runoff events (floods), (3) 
comparison of simulated and measured floods, and (4) adjustment of para-
meter values to bring simulated floods in line with historical data. 
This process is repeated until the model is capable of reproducing the 
historical events. 
Model calibration is based on the records of rainfall and runoff 
from historical events that have occurred in DeKalb County and in the 
immediately surrounding areas. Some records currently being collected 
in the metropolitan area by the U.S. Geological Survey are available. 
Moreover, additional gaging sites will be instrumented. Currently there 
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are no gages located on small watersheds (less than 200 acres). Collec-
tion of data from small watersheds is necessary if runoff from these 
watersheds is to be reliably modeled. Also there are no data currently 
available from the southeast portion of the county. Rainfall and run-
off data from this area are needed for modeling in this part of the 
County. 
Scale of Simulation  
Conducting hydrologic simulation studies requires, for practical 
reasons, two scales of activities. The practical reasons relate to com-
puter capabilities and personnel available for data collection and cod-
ing data for input to the computer. Greater computer capability and 
greater detail in input data increase accuracies in predicting stream 
elevations during floods. However, beyond some point the benefits of 
additional accuracy cannot justify the funds required for computer time 
and added personnel. Dr. Lumb feels that the simulation study described 
herein adequately balances the trade-offs between greater accuracy and 
larger budgets. This balance is also a function of population density 
and most of the areas included in this study are of U.S. metropolitan 
suburbia. 
Large Scale Simulation. Large scale simulation is for drainage 
areas greater than approximately 100 acres or drainage areas which pro-
duce 100-year floods greater than 500 cfs in DeKalb County. Large scale 
simulation can be used for determining: 
1. downstream flooding levels, 
2. flooding effects of zoning policies for undeveloped lands, 
3. size of dams for flood reduction, 
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4. use of existing lakes for flood control, 
5. effect of debris removal on upstream and downstream flooding, 
6. effect of sewer pipe relocation, 
7. effect of culvert enlargement on upstream and downstream 
flooding, 
8. effects of upstream detention structures, 
9. 50-year and 100-year flood plain elevations before and after 
development, 
10. effects of other policies or structural measures the planners, 
engineers, elected officials, or private citizens may envi-
sion. 
Although a general computer program for storm runoff computations 
is used for large scale simulation, the input data on land characteris-
tics, stream channel characteristics, and storm characteristics are 
unique to each separate drainage area. Thus, each drainage area studied 
requires field surveys, preliminary analysis of the data obtained, and 
coding and keypunching the data for use in the computer. 
Small Scale Simulation. Small scale simulation is for drainage 
areas less than approximately 100 acres and generating 100-year floods 
less than 500 cfs in DeKalb County. Small scale simulation studies can 
be used for design of: 
1. retention basins for storage of excess runoff from residen-
tial, apartment, industrial or commercial development, 
2. measures such as spreading excess runoff over previous pave-
ment for parking lots, underground storage in tanks or 
aquifers, 
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3. culverts, and 
4. analysis of flooding effects immediately downstream from the 
proposed development under different assumed drainage plans. 
As with large scale simulation, a general computer program for 
storm runoff computations is used, and detailed input data for each de-
velopment site is required. 
The model used in the DeKalb Study has been used to simulate 
flows for both large and small drainage areas although no applications 
of small scale simulation will be included in this study. 
Continuous and Storm Period Simulation  
A further dichotomy of hydrologic simulation involves continuous 
simulation and storm period simulation. The distinction between the 
two is simply the time period for which the simulation is conducted. 
Continuous simulation involves calculation of simulated flow for every 
day or hour for a period of several months or many years. Storm period 
simulation involves calculation of simulated flows every few minutes for 
several hours or a few days. 
Continuous simulation is used to develop runoff files for DeKalb 
County which incorporate the effects that time of year, soil moisture, 
and rainfall intensity have on runoff volumes from a particular soil 
type. The U.S. Soil Conservation Service has divided soils, with re-
spect to infiltration rates, into four hydrologic soil groups. Three 
of these groups are found in DeKalb County. Simulation is used to de-
velop runoff files for each of these three groups plus one for imper-
vious area. These runoff files represent the runoff expected from a 
unit area of a particular soil type or impervious area without taking 
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into account channel flow. By combining the proper percentages of these 
four runoff files, runoff from the land surface of the watershed under 
investigation is determined. 
Runoff values from continuous simulation for selected storms and 
the division of the land surface among soil types and impervious area 
are then used as input data to storm period simulation. Storm runoff 
generated from the runoff files is then routed through the channel sys-
tem (including storage facilities) to determine resulting channel flows. 
Analysis of drainage problems and evaluations of potential solutions is 
accomplished with several storm period simulations each year for 25 
years. Continuous simulation only needs to be performed once to generate 
the runoff file necessary for storm period simulation. 
County's Use of Simulation Model  
The simulation model to be developed for DeKalb County will allow: 
1. identification of flood plain elevations for all streams, 
2. prediction of the effects of future urbanization of the flood 
plains at many key points along the streams, 
3. estimation of peak flows and water levels (stage) for various 
frequencies with and without flow regulating facilities, 
4. performance of operation studies for larger detention storage 
facilities, 
5. identification of channel constrictions which presently in-
crease upstream flooding, and identification of those channel 
constrictions expected to affect flooding at some future date 
when undeveloped upstream areas become more fully developed. 
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Continuation of  Study by DeKalbCounty, 
Following the completion of this study by Georgia Tech, DeKaib 
)hn[.s will have to assume several areas of responsibility in order to 
effectively utilize the study results. 
L. The County will need to employ a small staff qualified in 
the use and application of the computer model. Even though 
there will be an operating manual on the use of the model 
these personnel will need specialized training and ex-
perience to fully utilize the capabilities of the model. 
A comprehensive rain and stream gage network is an impor-
tant part of the original study and will be continued by 
the County to provide additional data for future model 
calibrations. 
3. A continuous working relationship with the personnel who 
conducted the study would be valuable to the County in or-
der to keep the computer model up-to-date. With such a re-
lationship the County could also benefit from counsel out-
side the governmental structure on application of the model 
to specific problems. 
4. The County must decide whether to use its own computer fa-
cilities or purchase time on a computer system. Most county 
and city computer systems are oriented toward administrative 
rather than scientific applications. Dr. 'Limb feels that if 
several Atlanta Metropolitan Counties used the same computer 
model, a commercial computer system oriented toward scienti-
fic applications could be used by all counties. 	In Dr. lumb' 
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opinion, this would be more efficient than each county using 
its own system. 
5. Dr. Lumb estimates that it will cost the County from $7,000 - 
$10,000/year to maintain the computer model, handle difficult 
application problems and pay for the needed computer time, 
although this figure could vary considerably depending on the 
amount of use the model gets. 
6. The study undertaken by Georgia Tech will only involve get-
ting data on a few watersheds. If the County wants to use 
the simulation program throughout the County they will need 
to get data on the remaining watersheds. This will be a fair-
ly large task. No cost estimates of completing such a task 
had been made at the time this thesis was written. 
Implications of DeKalb's Study for Other Areas 
DeKalb County has invested approximately $100,000 in the hydro-
logic computer simulations study just discussed. In addition, the County 
will need to invest additional funds to complete the study for the en-
tire County and keep it in use and up-to-date. Whether or not this 
initial cost is justified will largely depend on the amount of use the 
simulation model gets. DeKalb County personnel anticipate the simula-
tion model will receive extensive use since: 
1. there are many existing drainage problems in the County which 
will need to be analyzed, 
2. some areas of the County are presently being developed and 
these areas will need to be analyzed to prevent future drain-
age problems, 
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3. DeKalb County has adopted a drainage ordinance which will 
necessitate the use of advanced engineering techniques for 
design of storage facilities and evaluation of different 
development alternatives. 
With the completion of the study DeKalb County personnel will 
have the technical tool necessary to adequately implement their drainage 
program. It should be pointed out that in contrast to the large initial 
costs, the County will be able to quickly analysis different development 
and design alternatives for a relatively small cost per application. 
Neglecting the initial development costs, use of the simulation model 
should be less expensive than conventional engineering methods and for 
complex problems the savings should be considerable. 
Thus, this study has several implications for areas that are con-
sidering the use of hydrologic computer simulation. 
1. If an area intends to adopt a drainage ordinance which will 
need advanced engineering techniques for its administration, 
the development of some hydrologic simulation model should 
be considered. 
2. Since there is a high initial cost for developing a hydro-
logic simulation model, it might be wise to combine several 
political entities or develop a metropolitan or regional dis-
trict and have several governments share the cost of develop-
ing the model. 
3. For small cities and counties it might be preferable to use 
the services of a consulting firm rather than having city or 
county personnel operate the model. 
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4. If an area anticipates the use of hydrologic simulation in 
the future, thought should be given to establishing a stream 
and rain gaging system as soon as possible so that the needed 
hydrologic data will be available. 
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CHAPTER III 
DRAFTING A DRAINAGE ORDINANCE 
Before any community drafts and adopts a drainage ordinance sev-
eral general considerations should first be reviewed. The community 
should identify the problem areas which the ordinance will attempt to 
deal with. Some basic decisions should be made concerning the communi-
ties philosophy for dealing with drainage problems. The general format 
of the drainage ordinance is another consideration that should be dealt 
with. These are some of the areas that will be discussed in this chapter. 
In order to clarify the use of several terms used in this thesis 
the following diagram and discussion is included. 
Drainage Ordinance 	Flood and Erosion 
Problem Areas ■400bjectives--0, (Policy Statement)-0100Control Manual 
Problem Areas - these are the problem areas which will be con- 
sidered and dealt with in the ordinance and drainage program. 
Objectives - these are the objectives of the ordinance and drain-
age program and represent the community's philosophy for deal-
ing with the problem areas. These objectives could also be con-
sidered the goals of the ordinance and drainage program. 
Drainage Ordinance - general policy statement concerning drain-
age and flood control. 
Flood and Erosion Control Manual - engineering manual dealing 
with the engineering and technical details associated with 
the policies contained in the ordinance. 
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In the above diagram there should be feedback and interaction 
between the elements described in order to provide a continual evaluation 
of the county's drainage program. 
Drainage Objectives  
As discussed in the introduction, two of the original goals of 
this study were: 
1. to determine the objectives of local governments in the areas 
of drainage, erosion, and flood control, 
2. and to assess the adequacy of existing ordinances in meeting 
these objectives. 
As the interviews with city and county personnel progressed, it 
quickly became evident that very little consideration had been given to 
stating objectives for their drainage program, keeping up-to-date the 
original objectives of the drainage program (if determined), or evalu-
ating the adequacy of the existing drainage programs. Many of those 
interviewed gave what they considered to be some objectives of their 
drainage programs but also stated this represented their opinion and not 
an official position of the county or city. 
In many areas those who took the leadership in getting the ordi-
nances and regulations adopted had either left the area, died, terminated 
their employment with the agency, or for some other reason were not avail-
able for comment. Thus, it was difficult to assess these two study goals 
except for the fact that objectives had not played a significant part in 
the execution of existing ordinances. 
In contrast to what was done, when the subject of objectives was 
brought up during the interviews, both technical and nontechnical 
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personnel felt the establishment of a definite set of objectives is not 
only important but should be the first step in formulating a drainage 
program. 
Furthermore, many of those interviewed felt that a continuous 
evaluation of the drainage program should be done to determine whether 
the program is carrying out the objectives (and how effectively), and 
whether the objectives should be modified or changed. Thus objectives 
should be used to give direction and feedback to the drainage program. 
It is also important that all drainage personnel be informed as 
to what the objectives are and when changes in the objectives are made. 
This information should be published and promulgated by the county. In 
many localities, personnel within the city or county government as 
well as outside consultants, complained they did not know about several 
aspects of the total program and were not kept informed about program 
changes. One means of keeping everyone up-to-date would be for the 
county to publish a newsletter when changes are made in the drainage 
program. 
Numerous elected officials were contacted and their opinions, re-
lating to different aspects of their local drainage program were obtain-
ed. The questions pertaining to stated goals and objectives yielded in-
teresting answers. Everyone felt goals and objectives were essential. 
They felt goals help evaluate long-term planning, help interprete regu-
lations and ordinances, and give direction to the drainage program. 
Some elected officials felt goals should be written into the or-
dinance while others felt they should be contained in another document 
such as a general plan or resolution. Others felt goals were inherent 
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nny document and heed not be written separately, The politicians did 
not oiler ally specille goals but several stated that the goals should be 
• it is and simply stated in contrast to some of the general and e1a-
Oct ate goals contained in many planning documents. 
host of the politicians did not see any particular problems it 
riving at stated goats and objectives for their drainage programs. 
general iyinion was that some goals and objectives were essential. They 
could not give speciiic reasoning why their present drainage program 
existed without some stated goals and objectives. 
It is concluded that without properly defined objectives (both 
own to the people involved in the drainage program and actually repre-
senting the consensus of opinion as to what the objectives should be) tire 
major effort of the personnel involved with the program is with the day-
to-day problems and their immediate solutions (this may be a valid cb-
lective of the program but it should be stated as such). Little if any 
time is given to any of the following important aspects of the program, 
.,chi c ; would have <an impact on long range and immediate problems: 
I. 	long range -implications of present actions, 
direction and scope of present drainage program, 
effectiveness of present drainage program, 
4. changes chat should be made in present program, 
5. what is being accomplished by the present program and what 
the city or county wants to accomplish. 
When questions about these points were brought up in the inter-
is 	no one was able to give data to support an answer one way or 
another. As a result, only personal opinions were obtained. 
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It should be pointed out that having stated objectives will not 
,gunr ntee that the above aspects will receive proper consideration, but 
enould at least bring some of these aspects to the attention of the 
icy makers and those implementing the drainage program. 
Thus, while the drainage personnel felt some work toward establish-
ing objectives was important, little in reality has been done in this 
area. This points to the importance of stated rather than inherent ob-
;eetives. Stated objectives would enhance consistency in any evaluations 
of different aspects of the program and would also document changes. 
Stating the objectives would lessen the chance of misinterpretations and 
forgetting what the objectives are. 
Drainage Concerns 
before any of the aspects of an urban drainage program (ordinances, 
'-tanda ds, engineering documents, etc.) are considered, the general drain-
age concerns that will be dealt with should be determined. Selection of 
these concerns will define in general terms the scope and extent of the 
drainage program. 
Although each city or county should determine its own concerns to 
be dealt with in its drainage program, the following were considered in 
drafting the drainage ordinance discussed in chapter IV. 
1. Flood Control 
2. Erosion and Sediment Control 
3. Economic Efficiency in Drainage Design and Flood Control 
4. Insure the Use of Good Engineering Practices 
D. Protection for Present and Future Development Given Certain 
Design Constraints 
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6. Equity in Drainage Design and Implementation 
7. Control Development within the Flood Plain 
8. Provide Controls for the Installation of Drainage Systems 
9. Maintenance 
It is up to the local governing body to determine which of these 
areas they want to include in their drainage program and then to formulate 
objectives within these and any other additional areas. 
Drainage Ordinance-A Policy Statement 
The drainage ordinance must be officially adopted by a governing 
body before it can be legally applied. As a result, the political pro-
cess becomes the controlling force behind such a document. Therefore, 
it should be designed so that it can be understood by elected officials 
and aid them in the execution of their responsibilities. 
Elected officials should not be dealing with engineering criteria 
or design standards. Also most elected officials are not administrators 
and should not be partichlarly concerned with the administrative aspects 
of a drainage program except as these aspects relate to budget control. 
Elected officials should determine the overall policies within their 
jurisdiction. Thus, to make the drainage ordinance a viable part of the 
political process, it should serve as a policy statement for the county 
or city. Technical details of the drainage program should be included 
elsewhere. 
Some administrators prefer laws which are very detailed and try 
to cover all problems that may arise in administration of an ordinance. 
In addition, they tend to include engineering criteria and design stan-
dards in order to encourage uniformity. The administrators dealing with 
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the public feel they can be more firm in enforcing the provisions of an 
ordinance if written into law. It is contended, if many members of the 
public (or a few influential ones) complain to elected officials, these 
officials may find it easier to use their political pressure to allow 
exceptions if a point is not written into law. 
As proposed, the urban drainage ordinance would be limited to 
stating specific policies. Engineering criteria and technical details 
would be contained in other documents in order to fully discuss these 
criteria and details and keep them up-to-date. Elected officials could 
then refer technical questions to the County Engineering Department and 
spend more time and effort dealing with policy matters. In order to pre-
vent the Engineering Department from becoming completely autonomous from 
public and political influence, engineering documents should be subject 
to the approval of elected officials, without formally being enacted in-
to law. This would encourage some uniformity and give administrators a 
ready reference for dealing with problems and combating political pres-
sures to make exceptions. 
Following are some examples of policies that should be dealt with 
in an urban drainage ordinance. 
a. Should flood protection be provided for frequent events (say, 
less than 10-year storms) or should protection against rare 
events (say, 50 or 100-year floods) be provided? 
b. Should flood protection be provided only in large drainage 
areas or small ones also, and if so, how small? 
c. Should the intent of the drainage program be to pass flooding 
problems downstream or should measures be used to lessen or 
at least not increase flooding downstream? 
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d. Should the regulations and standards ot . a drainage program 
vary from one part of the community to another? 
e. Is the county or city going to maintain the entire drainage 
system or just certain segments? 
f. Should retention or detention facilities be centralized or 
decentralized, publically owned or privately owned? 
g. What restrictions should be placed on development within the 
Flood plains? 
h. What erosion control practices, if any, should be adopted? 
In the communities studied, the above point of view was not fol-
lowed in drafting many of the existing drainage ordinances. Many of 
these ordinances evolved through the years and have become complex docu-
ments dealing with many details of the drainage program. In addition, 
these ordinances have dealt with engineering criteria and design stan-
dards. 
One standard question asked in each area studied was how design 
standards had originated. Almost universally the answer was that they 
did not know (usually because the decisions were made many years ago) or 
that the standards had evolved from political or administrative compro-
mise rather than having some sound technical basis. 
When the idea of using the drainage ordinance as a policy state- 
ment was presented, the overall reaction was favorable. The following 
comments encompass the general feelings of those interviewed. 
1. Such an ordinance would clearly indicate the policies of the 
government concerning drainage. Many of the existing ordi-
nances try to deal with so much material that they become 
very complex and difficult to understand. 
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2. By using the ordinance as a policy statement, all engineering 
and design criteria and specifications could he contained in 
other documents and continually updated without changing the 
ordinance (specific controls could he put on these documents). 
3. Such an ordinance would allow both the political process and 
the technical process to be used efficiently within its major 
area of concern. 
As a result of these comments, the model ordinance presented here 
is written in terms of a policy statement. It does not deal directly 
with specific technical aspects of an overall drainage program. 
Flood and Erosion  Control Manual 
In formulating a drainage program, writing the drainage ordinance 
would precede the writing of any accompanying technical or engineering 
documents, so that these latter documents will reflect the technical and 
engineering requirements needed to administer the ordinance. To avoid 
possible confusion when reading the proposed model drainage ordinance 
the following outline and discussion of a Flood and Erosion Control 
Manual is included to give the reader a general knowledge of the content 
and scope of such a document. 
Following is an outline of topics that could be included in such 
a manual. This list is intended to give examples, not to be all inclu-
sive. 
Engineering Design Criteria and Standards 
Design Storms (if used) 
Flood Plain Reports 
Flood Maps (Flood Maps, Soil Maps, etc.) 
Drainage Easement Criteria 
Grading and Drainage Plans 
Information to be Shown on Plans 
Data Required 
General Format 
Special Requirement for Small Areas 
Hydrologic Design 
Design Standards for Small Areas 
Design Standards for Large Areas 
Retention and Detention Design 
Flood Plain 
Method and Guidelines for Calculations 
Water Surface Calculations 
Effects of Filling and Excavating in 
the Flood Plain 
Closed Conduit System 
Energy and Hydraulic Gradients 
Closed Conduit Design Calculations 
Open Channel System 
Channel Size and Shape 
Channel Materials 
Energy and Hydraulic Gradients 
Channel Design Calculations 
Energy Dissipation 






Inlet Design Calculations 




Culverts in Series 
Erosion and Sediment Control 
Seeding and Planting for Erosion Control 
Mulching 
Specific Practices for Local Application 
Protection of Storm Sewer Inlets 
Diversion and Berms 
Straw Bale Barriers 
Other Means 
Silt Basin Design 
Sample Erosion and Siltation Control Plans 
Grading Practice 
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Maintenance and Operation 
Present Maintenance Programs 
Roles of Governments and Owners 
Flood-Proofing 
Types of Flood-Proofing 
Engineering Aspects 
Flood-Proofing Operations 
This manual would not be officially adopted into law by a govern-
ment entity but could be subject to its approval and would be kept in a 
form such that it could be continually updated and changed to conform to 
the latest county or city procedures. Fairfax County has used this pro-
cedure with their Erosion-Siltation Control Handbook (12). The Denver 
Urban Storm Drainage Manual is contained in loose-leaf notebooks so that 
it can be easily updated, hopefully with dated pages (55). Following is 
a quotation from this manual which further emphasizes the need for up-
dating such a manual. 
A compilation of engineering criteria such as the Urban Drain-
age Criteria Manual is a dynamic rather than static volume and 
needs to be reviewed and updated to keep it abreast of develop-
ments in the important and rapidly expanding field of urban 
storm drainage. It is the intent of those responsible for the 
conception and development of the Manual to periodically issue 
revisions to the Manual which incorporate new data, methods or 
criteria and such other information as may be deemed appro-
priate. 
The major thrust of the Flood and Erosion Control Manual is to 
present examples in such detail that a design engineer can determine 
generally what is expected by the county in different drainage and ero-
sion control designs. The manual should not be a limiting document forc-
ing the engineer to use standard designs and procedures. Several design 
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examples should be given (and references of additional design criteria 
cited) with latitude for the design engineer to use his imagination and 
engineering judgment. The manual should have the connotation of a docu-
ment that suggests and informs rather than limiting or prescribing. In 
addition, the manual would give more complete definitions of some of the 
concepts included in the ordinance, than was possible in the definitions 
section of the ordinance. In the following chapters (especially Chapter 
IV) numerous references are made to the types of information that should 
he contained in a Flood and Erosion Control Manual rather than within the 
drainage ordinance. 
The County Engineering Department should be entrusted with the re-
sponsibility of keeping the Flood and Erosion Control Manual up-to-date. 
Periodic reviews of this document should be made (say, every year or when 
major changes in the manual occur) by elected officials or a special com-
mittee selected for this purpose. This would enable the elected officials 
to be kept informed of changes which might affect stated policies and ob-
jectives, and also provide a check to ensure a sound basis for a given up-
date. If needed, elected officials or committee members could obtain out-
side opinions on engineering and technical matters to augment those pro-
vided by the County Engineering Department. 
CHAPTER IV 
MODEL URBAN DRAINAGE ORDINANCE 
The major objective of this study of urban drainage programs is to 
utilize the findings and experiences that several urban areas have had 
with their drainage programs in order to draft a model drainage ordinance 
that could be used with minor modifications to fit local conditions by 
both urbanized and urbanizing areas. The following diagram shows the 
steps that were used in drafting this ordinance. 
       














       
       
       
Step 1 - Interviews with County and City employees, engineers, 
elected officials, and others involved in local drain-
age 
Step 2 - Review of the publications pertaining to drainage ob-
tained from the persons interviewed and of other perti-
nent material (including technical literature, existing 
ordinances, and information available on the computer 
simulation study in DeKalb County, Georgia) 
Step 3 - Compilation of the information into suitable problem 
categories for use in drafting a model urban drainage 
ordinance 
Step 4 - Preparation of the model urban drainage ordinance 
The introduction and first two chapters discussed the first two 
steps. The Problem Categorization in Step 3 involved organizing the 
information on problem areas obtained through the interviews, the 
40 
41 
technical guidance provided by the data base and the provisions of exist-
ing ordinances into general categories to be covered by the model ordi-
nance such as flood plain district uses, improvements required and mainte-
nance. The grouped information was then used to formulate the section of 
the ordinance for dealing with the problem as follows: 
1. All ordinance provisions within a category were compared 
to identify similar approaches and contradictions. 
2. The technical information and problem descriptions were then 
reviewed in order to assess the adequacy of the existing 
ordinances and establish points on which changes are needed. 
3 	The provisions of the model ordinance were then drafted 
using provisions from the ordinances studied plus infor- 
mation from the interviews and the data base. The model 
ordinance is presented in this chapter, and each section 
is followed with a discussion of its provisions. 
Many of the provisions in the model ordinance are based on several 
ordinances and thus no particular ordinance is directly referenced. The 
commentary following each provision references the communities having 
regulations similar to those in the model ordinance. 
Much of the information used to document why particular provisions 
and concepts were included in a specific ordinance or drainage program 
was obtained from personal interviews. Many times the person interviewed 
gave comments about his particular program or drainage ordinance that 
must be treated as confidential, and thus reference to particular indi-
viduals is usually not included in this thesis. Reference in this 
chapter will be made to the city or county personnel and not to 
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particular individuals. 
The model urban drainage ordinance is divided into 19 sections. 
Each section contains one or more related provisions followed by a com-
mentary which documents why the provisions are included and how they re-
late to the practices in the areas studied. In the following chapter, 
the provisions are given in italics to aid the reader in distinguishing 
provisions of the ordinance from the commentary. 
During the ensuing sections of this chapter the terms County Engi-
neering Department and County Engineer will be used. If a Public Works 
Department, Roads and Drainage Department, Community Development De-
partment or some other agency will have the primary responsibility of 
enforcing this ordinance, the appropriate terms should be substituted 
for those used in this text. The ordinance is written for use by any 
type of local government (county, city, village, etc.), but to be con-
sistent with the above terms, the word County will be used to represent 
the different types of local governments. 
Except for Sections 4.0, 5.0, 6.0, and 7.0 of the following ordi-
nance, the provisions of this ordinance apply to all development within 
the County's jurisdiction. Sections 4.0 - 7.0 apply only to develop-
ment within the designated flood plain district. It will be noted 
throughout the ordinance that many provisions refer to a development per-
permit. This permit is issued by the County and is needed to proceed 
with any development operations within the County's jurisdiction (in-
cluding clearing, grabbing, grading, filling, excavation, or any other 
development operations). 
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Section 1.0  - Scope  
oAdinanec amends and ,sopptement6 the ,Oetowing oAdinance6: 
1. Subdivi,sion On_dinance (74tte), 
2. Zoning OAdinance (Ti tee), 
3. Buieding ConistAuction 0!Lchnance (Titee), 
4. Any others oAdinance. Aetated to the pAopoed dtainage 
oAdinance. 
Commentary  
Section 1.0 - Scope. This ordinance should be designed to comple-
ment and supplement, rather than conflict and overlap with existing or-
dinances. Thus the interrelationships between this ordinance and exist-
ing ordinances are important and reference to these ordinances should be 
included in this ordinance. Section 1.0 lists typical ordinances that may 
exist. This is consistent with most of the ordinances studied. 
Section  2.0 - De6inition6 
Fors the purpo s e 	thi/s ordinance, the Aottowing deAinition 
,ohall app,ey: 
j 2.01 Channee - a natuAat OA aAti6ic4a,e wateAcouA6e o( ) pep- 
ceptibte extent, with a definite bed and bankz to con-
(tine and conduct conti.nuou6.0 OA peAiodicatty litowing 
wateA. Channee (tow thus i6 that waten which Atm-
ing within the timito o6 the de4ined channee. 
2.02 detention StoAage  - totm AunoAA collected and 6toked 
bore a 6hoAt putiod o() time and then ,taea,sed at a hate 
much te,s than the inAtow Aate. 
2.03 V ev eloysn - any penoo n who acts tin hi,o own behat6 
on co the agent on an OLVHCIL o pnopenty and engag es  
in alienation 06 land on vegetatio pnepanation 
60.q. CO rLS ,tittiCt on activity. 
2.04 pevekapment  - any a ctio n in pnepanation ()OA CO n - 
6 tnuct4on activity which /Leis utto in an alienation 
°6 	then land on v eg tation. 
2.05 Jev et 0 pment Peon.t  - pc/unit isued by the County 
which is needed belwL e any development o pc natimo 
can be stated finclading cleaning, g nub bing , g tad-
ing , itting excavati.on, on any o then development 
o p natio ) . 
2.06 Dnainag e  - a g enenal team applied .to  the nemoval 06 
&cit.ace on .5 ub un6ace (oaten (nom a given  anea eLthen 
by g navity on by pumping, commonly appLdcd henein t o 
uit 6acc (oaten . 
2.07 dnainage System  - the ottn6ace and 5uboun6ace yotem 
(on the nemo vat 06 watch (nom the. land, including 
both the_ nat [Anal element:5 o{y .o,tneam , mcvtheo , 
,owateo and ponds , whethen 06 an inte nmit tent on con-
tinuo to nature, and man-made elements which .include 
cut veitt6 , ditched, cl-annel}o , o to nag e 6acieitiez , 
and the oto,un .5 elven t/5 tem . 
2.08 Eno on  - the general pnoce,o,o whereby s oiL5 are 
moved by (locating ,owt6ace on ouboun6ace watek.. 
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2.09 Hood - a t empo, ,Iccut r<sc in the f' 	o 	s, 
tite arm , :i.fatet..couq.se6 , and i'aize 	whi 	oat ts 
i rlundation o lc areas not okdanatp covcred by 
wat er . 
2.10 100- Ye a't Pktood - a (hood which has the 131 bab City 
any o ccuA tz/ing once every 100 yeco6 on having a one 
(1) percent chance 06 occu4A.ing each year 
2.11 Et' ood Pan - the Cand adjacent to a body o!) water 
tehich hai5 been o,t may be covered by good c ∎)aten in- 
inci but not 	ed to t he 100- y eaiz, () /eo od . 
2.12 Food  Ptain 	 - rand use dt6t/tict , de)s - 
nate d by the County, which 	e nao s ed within and 
bounded by the. 	0,6 the 100-yeah 6,tood co n- 
to cco elevation. 
2.13 F. o Pk.o 	- a combinatio n 0!) ti ue tukca pito - 
v ioao, change, or adjustinenth to 00 re tttie6 
and titliCtUlLeh Subject to () ,e o odtng pniman.i,Ci 60n 
the reduction on ainblatiopt o good damaged to 
ph,0 p CAtin , waxen and sanitakti aciCi i.eh , .stkuc-
tuit.e.s , and contents o b wading s 
2.14 Hydno to9ic and Hyditautic Study  - e.ngineen.ing Study 
to deteitmine 'La tcs , votumes , and dirt Aibutio n o6 
6t01011 AU.V10!)() . 
2. 15 Reten ion Storage. 	iLm tuna{{ co t ecte d and 
stoned ion a sipai6i cant peiti_od o 6 time , and 'le-
ea.9s ed a6te.ti. the storm nuno 6  has ended. 
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Rk!tcatos stonacy 	v() ten cb.ssociated 	"poet 
qs" (tot:cli have vccica 'wncati(nat og 
ae t.;Lc t c 	cc 	vtotth.-1 LT Olhli MUP1 p 	. 
2 16 Stc'taz 	 - 	 ■ tuciti to dc- 
tcqinctc 	."-Lc t(, )it.(cw 	dctcitt{oit 	(ct- 
ca0- .!) a..tc a'ccleci to CO VI tttO 	 '71_1) IC i11) (y,'Lettl 
I Cit C 	LTPIC t 
2.17 Obst'utc16 , n - 	dam, wa6:, wh(W ) , C Ua if l UIC VLt, 
tcvcc, 	 abutment, oojection, excavation, 
chahhc.0 	 bkidg , d(CdLC ( 	 cuCvc-`1t, 
butd41cf, 	(cent', ktock, 
,,t_Auctu!tc., v.,vt mat-tot /61, akx., )Lg, anoss, 	pAh- 
j(2c-N.hci 61to any citannc 	cuatc,tieowt 	, (0!ood 
r, Lain aAca (61.4ch may 6nrcdc„ 'Ictaftd, CS change 
tits d.(Hection. C' 	(1 .i'vw 	watcfrl, cithcA CVL 
.it:SCtitj on by catching wt coMcting 	cat.tic.d 
by sac.ii (Cate-5, ott that CS pCaud whc,qc. the (t.oco 
o6 wate't might can 	th('_ 	dotiih.st'te(Lm to tile. 
damage o() 	o4 riopc,frttq. 
2.18 Scdimentation - Thc. pitocc.sscs that or, c.tat 
	
he_co 1"0,j suAicacc c() t;ic ,ij —teand to 	c_To.s,ct 
so Cs, deb-'[is, and 	matc,'uta6 c4thc't oh 
othe ,'L coouhd shaccs 	watc!" chahhas. 
Comment   _ 
Section 2.0 - Definitions. These definitions are included to 
clarify some of the terms and concepts used in the different sections 
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of this model urban drainage ordinance. A more complete definition and 
discussion (including illustrations and examples) of many of these terms 
and concepts are given in the County's Flood and Erosion Control Manual. 
Most of the ordinances studied included a definitions section similar to 
Section 2.0 of this model ordinance. 
Section 3.0 - Statement  oi_Objectics 
3.01 	PAotict human ,i1i.() e and he.ak!th 
3.02 1.iairtiLa, pab,Cic and olvatc pkorcAtu dmliage qe5att- 
ing Wm cosail, sedimentation and 1) eoodind. 
3.03 Regdi!ate use o6 good ri'ains (y on devaopmcnt, 
dwnr.i,ng, .sto.-Lage o(1 mateAiat6, otquctwtes, buitd- 
o,'t ant] othcA t0on1 wh,ich acting 
61 combination with othe,'t cxi5ting on 
()Utu'IC uses ati,U ()Incase good heights and ye- 
urstqcam 	down5tneam (1 7om oopocd 
use_, by obstructing () tows and ne_duc,ing uae,e.eq 
5 tO a9- C . 
3.04 RJgufate_ dc, vctopmolt wh,ich map, when acting atone 
on 	combination with ,simak dc ■ , cfoment,s, 
cfte.atc a demand (l ofL pab,eic investment in good- 
contA.ot wo7L5 	 ootection again6t 
good damage at the t6m2_ 	 constkuction 
and aWtwakds. 
3.05 Ens ure, as rah u .)ossibee, an ey) icient dzainagc, 
5y,-5tem that (via not kesuet tit excessive pub.tic 
o't wtivcac, money's be,ing its ad 	maintolancc and 
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'Lc 	ac 	oic po ,Lt, 	s oc the 	.5 tem 
3.00 	Ensure t;Lat thc de5ic-oi v 	tae it7cr.61,-(g(' sust crn 
0' ccus 	tent with. good cup' H C illg .1( -t(2 t CC and 
' 5 Lij 
3.07 	Tht 	tcropc , a-7 ti and rcizoicoicia ("1O 5 OH COO sccii- 
mcnt co Httc( 	 tc 1)76. ct 	(:dun tis o c- 
c upn (Hg Cand adjacent to and dock'n5t7ertin 	wto - 
nosed de 	e 	; ,'Lam bong damaged 	d 
c g-cnat 	() 'Loal 	th n oft_ be cads 	C )_)"'LO - 
 1.%0 C d CI C C 0 One ktt 
3. 08 	Cont hL(1 ,C (}i'Oed ret61. n5C5 to be cokL5 . isterit (.42,th (4)- 
1.9z000 	cold use re cots 	 (1,`ea,5 
and co 'tdi nate d with IA' cots 	t Ice to tde. cormuni t . 
3. 09 	P'-cov , de. (w't_. dcA4!Coprnc;it 0 	c(n 	(C,. th m.L n,unum ad- 
k.) 	SCE. e)f 	Co . COO nittu'Laz. city (.`i upon ei Lt. 
3.10 b- tc,o L age wise cts 	the Count(i'S eco nom 	and 
cf 	7C50 ClACC . 
3.11 V sCou:Lagc (ley aoprle.nt in aft_ ccu5 sub j" cc t to .() ,Lo o ding 
1_9Lo bx1 cots . 
3.12 Enciccczage e co nomicca uses and de signs 	() ,Cood 
13k1c-cn cc2as . 
3.13 PA.ou i_de a mcan.s 0 rf"ac<ng t.)otent,icbC oitnfin s , 
, cieve boret,s , cold the g cneAca rqubO f c On kW tiC_C 
v i) 1)0 teittiCa' (),e_.0 d haand.s 
3.14 9todoze C.)0(.5 t 6/9 channeC caracituf coy flood 6to(.0 
be ;c. o Lb.s Ong o s CCC 5 to 'tag o thcA 5 OULC1 tUACa 
m c ct.s (t.:1 n . 
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3.15 Utie4.:c appkoptiate pubftic open space. can both 
open space uses (pcak, AecAeat-clona users, etc.) 
and tne temponany 6toAage ot excess '5t0A.M wate.to. 
3.16 Keep the dnai.nage system cos natuAat and ac„stheti-
caT,6/ pteco-<ing as pons 
3.17 Oevaop a compA,chea,s.ive dtainage plan can the a/Lea 
to handU .6toAm k.uno“) ,saktg and eicientty. 
3.18 Pkovide 	pub&c. awaitenes6 c) the ()tooding po- 
tentia,e. 
Commeutaa 
Section 3.0 - Statement of Objectives. Although all of the above 
objectives were included or implied in the drainage programs of one or 
more of the areas studied, only one area had specifically and clearly 
listed the objectives of their drainage program. The objectives of the 
other areas were scattered through several ordinances and/or publications, 
or were not in written form but were expressed and identified as objec-
tives during the interviews. Thus there is no guarantee that these ob-
jectives had been given careful consideration or that they could be con-
sidered representative of the County's objectives in their drainage pro- 
gram. 
Of the areas studied only two had included, in one form or another, 
eleven or more of the above objectives in their program. Four of the 
areas had included six or more, while two areas had no stated or implied 
objectives for their drainage program. 
Except for DeKalb County, all of the areas studied had started 
their drainage programs by proposing and enacting ordinances and 
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regulations without first stating any specific objectives for the pro-
gram . Several of the people interviewed, in each of the areas studied, 
indicated that logically tie formulation of objectives should be one of 
Lire first steps in developing a drainage program. This may have been 
done at the inception of the different drainage programs studied, but 
for one reason or another, there was no written information to document 
many of these objectives. 
The usual reasons given for not having objectives were one or 
more of the following: 
I. the drainage program has evolved through the years 
with little thought to short or long term objectives, 
2. there was an immediate need for an ordinance or re-
gulation and not time to evaluate or determine spe-
cific objectives, 
3. there had been no thought given to determining ob-
jectives, 
4. although there was general agreement on adopting an 
ordinance there was not agreement on the objectives 
or reasons for supporting it and thus a list of spe-
cific objectives was not formally adopted or even 
drawn up. Sometimes this is a good reason for not 
having objectives. If general agreement on objec-
tives cannot be obtained and this prevents adoption 
of drainage ordinance, it might be best to leave ob-
jectives out of the drainage program. After the or-
dinance has been in effect for a period of time, 
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it might then be easier to gain acceptance of some 
objectives, 
5. The original objectives, when the ordinance was 
adopted, had been forgotten through the years with-
out any thought given to keeping a record of them 
or documenting changes. It was just assumed that 
everyone realized what the objectives were. 
A detailed specification of objectives is a necessary part of any 
drainage program and serves several important functions: 
1. promotes public understanding of the objectives of 
the ordinance and drainage program, 
2. promotes judicial understanding of the objectives 
of the ordinance, 
3. serves as a check list to determine whether or not 
the ordinance covers all of the areas the city or 
county wishes to include, 
4. outlines the direction and scope of the drainage 
program, 
5. serves as a means to evaluate the effectiveness of 
the ordinance and drainage program. 
When objectives were discussed in the interviews, there was agree-
ment that some objectives should be included in a drainage program. Thus, 
it is difficult to understand why objectives, which seem in this study to 
be universally accepted as an integral part of any drainage ordinance and/ 
or program, were not included in so many of the ordinances studied. The 
interviews clearly indicated that the persons involved with drainage 
programs felt specific objectives were important even if their program 
had none. 
It should be remembered that specific objectives adopted for any 
area should be tailored to fit local conditions and the local drainage 
program. The list of objectives given in this section, gives examples 
of typical objectives which might be included in an urban drainage or-
dinance. Local areas may want to delete or add to this list. 
.Sczt., - on 4.0 - Estabt66e,nt a Fi!..00d Re,a61 Di.stirict 
4.1 Lands to ALch th4.s Section appt).ie.,5 - Ati oi that 
anca ,61.sdc thc. 100- jean Wod con-tor ot a_evatonis 
atong stAcams on othcA dkablageways (PLain61g fi ve 
acAc.s an mono 41s ctassi(rcied as be4q with.in a 
good iAain 
Commentary 
Section 4.1 - Lands to which this  Section Applies. This section 
sets up a single flood plain district based on the 100-year flood. In 
contrast to this approach, Ingham County uses two districts, a floodway 
and a flood fringe, to define their flood plain. They define a floodway 
as, "the channel of a stream and those portions of the flood plain ad-
joining the channel that are required to carry and discharge the flood 
water or flood flows of any river or stream including but not limited to 
flood flows associated with the intermediate regional flood. A flood 
fringe is that portion of the flood plain outside the floodway." Al-
though the use of these two districts is also encouraged in some of the 
literature concerning flood plain delineation, it was found in this study 
that in many areas sufficient data is not available to accurately define 
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two districts. 	IL was also brought out in the interviews that many peo- 
ple do not feel there is a need for more than one district and that two 
districts might be harder to administer and confusing to engineers and 
developers. For these reasons, a single flood plain district is used as 
the basis for this ordinance. 
The Federal Insurance Administration is proposing to do flood 
plain studies in conjunction with the Federal Flood Insurance Program. 
In these studies a "floodway" and "flood-fringe" will be delineated. 
The floodway will be designed to carry the deep and fast-moving waters 
while the flood fringe will usually contain shallow and slow-moving 
waters. In many communities, these studies will not be completed for 
several years. In order to adopt an ordinance now, it will be much 
easier for these communities to use the single flood plain district 
described above. As these FIA studies become available communities 
participating in the flood insurance program will be required to 
change their drainage ordinance to implement them. The following 
changes in the proposed model urban drainage ordinance will be neces-
sary to comply with FIA requirements: 
1. Section 4.0 - This section will have to be changed so that 
a Floodway District and Flood-Fringe District are used in-
stead of a single Flood Plain District. The limits of these 
districts will be defined in the FIA studies. 
2. Section 5.0 - Change the wording from Flood Plain District 
to Floodway District. 
3. Add a section dealing with Flood-Fringe District uses. This 
section should describe uses allowed in the Flood-Fringe 
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District in addition to those allowed in the Floodway Dis-
trict. This section should also contain provisions for 
special-permit uses within the Flood-Fringe District. 
4. Section 8.0 - The FIA studies would be used to establish 
the Floodway and Flood-Fringe Districts and thus other hydro-
logic and hydraulic studies would not be needed to delineate 
flood plain areas. 
Although any design flood can be used as the basis for the deter-
mination of a flood plain (25, 50 and 100-year design floods were used in 
the different areas studied) the use of the 100-year flood is becoming a 
standard practice throughout the country. One reason is that the Federal 
Government's Flood insurance Program is based on the 100-year flood. Al-
so, the U.S. Army Corps of Engineers Flood Plain Information reports are 
based on the intermediate regional flood (100-year flood). Several of 
the areas studied that had recently used a design flood other than the 
100-year flood (Fulton County, Fairfax County, Atlanta and Tampa) are 
now changing to the 100-year flood or are planning to in the future. 
In addition (Tampa, Chicago) have used historical peak flows to delineate 
their flood plains. Using historical peak flows presents problems since 
the indicated flood plains over the entire area under consideration will 
not necessarily be based on the same severity of flood. Also, since the 
return period of the storm is usually not known, the probability of flood-
ing the areas adjacent to such a flood plain is not known. 
The other major source of flood plain information used by several 
areas was Soil Conservation Service Soil Maps indicating alluvial de-
posits. The use of these maps is very popular in those sections of the 
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Atlanta Metropolitan Area where hydrologic and hydraulic studies are not 
available. These maps have found their greatest use as a rough indica-
tion of the limits of the flood plain, as indicated by soil deposits. 
After establishing that the soil deposits indicate the presence of a 
flood plain, a detailed engineering study is done to determine the 
evaluation of the 100-year flood. 
A report by Dale E. Parker, Gerhard B. Lee, and Douglas A. Yanggen 
entitled, "Using Soil Maps to Delineate Floodplains in a Glaciated Low-
Relief Landscape" (37), gives some indication of the problems involved in 
using soil maps to delineate flood plain boundaries. In this study flood 
p 1 
 
in boundaries determined by engineering methods were superimposed on 
detailed soil maps along two reaches of the Root River watershed in south-
eastern Wisconsin. The topography of this area is characterized by gent-
ly undulating plains with broad ridges and shallow valleys. 
Following are the major results from this study: 
1. the 10-year and 100-year floods, as predicted by engineer-
ing methods, exceed the limits of alluvial soils in young 
glaciated landscapes, 
2. soil maps do not provide information on flood elevation, 
stream velocity, or specific flood frequency, 
3. it should be noted that flood patterns in urban areas, 
where structures, fills, and other man-made disturbances 
have greatly altered the natural hydrology, are especial-
ly difficult to predict from soil maps alone. For this 
reason, soil maps can be used more successfully to de-
lineate flood plains in rural areas. 
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In contrast to the results of the above study, in the Atlanta 
Metropolitan Area the flood plain areas indicated by soils are generally 
larger than those indicated by engineering studies. 
In order to administer an equitable and consistent drainage or-
dinance throughout an area, some design flood should be selected and the 
appropriate studies done to determine the location of the flood plain ele-
vation. For this reason, and in line with the above discussion, the 100-
year flood was chosen to designate the boundaries of the flood plain di-
strict. 
In order not to have to analyze the 100-year flood plain in every 
drainage swale and gutter throughout the County, some lower limit of 
drainage area (five acres) was selected. This was done for administra-
tive convenience and the lower limit could be adjusted depending on local 
conditions. 
4.2 Oce.,'Nnhtation 0(1 the 100- Was Fe cod Con to to C-Ccvati. o 
lin e rCc.cTUC 	d 	s 	be ()offoced 	deh to 
CiCt C "WIC ;IC NI(' aro° 	e e t'ev , atioHs e;) the 100-ij ean  
ic.Ood ccze outtioed acid discussod io the Couttto's Hood 
and PLosc'oo Cool-Ave ,'..laooca. 	In add(' -then 	maoucd 
tists Nid 	apomled (food ptaio 'zero , (t and map. 
Commentary 
Section 4.2 - Determination of  the 100-Year Flood Contour Eleva-
tions. Ideally the County should prepare a map of the entire area under 
their jurisdiction with the 100-year flood contour elevation shown on it. 
In many cases, however, (including all of the areas studied) information 
is not available to do this. in Ingham County, Fairfax County, and 
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DeKaib County the computer simulation studies, currently in progress, will 
give these counties the ability to prepare such a map and keep it up to 
date. In lieu of this, alternate procedures could be followed: 
1. A list of approved reports and maps that establish the 100- 
Year Flood Contour Elevation for specific areas should be 
listed in the County's Flood and Erosion Control Manual. 
(Those reports which are outdated due to urbanization or 
other changes should be excluded.) 
2. When an area being proposed for development is not covered by 
any available reports, an engineering study should be required 
in order to establish the water-surface elevation of the 100-
year flood. 
3. Soils maps which indicate the extent of alluvial deposits can 
be used as an approximation of the limits of the flood plain 
but the developer should be free to have an engineering study 
done to validate the results of these maps. It has been the 
experience of the Cobb County Engineering Department that 
these soils maps usually indicate a flood plain much larger 
than that indicated by appropriate engineering studies. In 
some areas soil maps have indicated flood plains smaller than 
those indicated by engineering studied and thus the County 
may prefer not to allow the use of soil maps for flood plain 
delineation in these areas. 
4. Maps indicating the contours of the historical peak flows can 
also be used to indicate the flood plain areas but again the 
developer should be free to have an engineering study done to 
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determine the evaluation of the 100-year flood. 
In all of the areas studied one or more of the above procedures 
were used. 
The details of recommended procedures to be followed in preparing 
an engineering study should be dealt with in the County's Flood and Ero-
sion Control Manual. This eliminates the need to go into engineering de-
tails in the ordinance and allows these procedures to be continually up-
dated. This has proved very effective in Fairfax County where there Ero-
sion Control Manual is kept in a draft form so it can be easily updated. 
This manual is updated by the Development Department. The Fairfax County 
personnel indicated that this approach is working quite well and has al-
lowed them the flexibility necessary to keep their erosion control pro-
gram relevant and up-to-date. Recommended procedures for updating such 
a manual were discussed in Chapter III. 
4.3 Wnning and di,sci!ame., ,' of Liaba,ity - The deg-zee o() 
ea 	'1,Cctu 	 di.P1COr CC i5 CO Y1:5,i 	ed 
to ptlocide a neasonabte .eeva o.(1 good w[otection 
and is based on eng,-(:neeng and .sc.ienti() ie methods 
o() study. Langer goods may occco on good hvightis 
may de 61cA.ea,sed by man-made or natuActe causes, Such 
as ice jams and bAidge openings eonstn 	by de.- 
bA5. ThLs oA.dinance does not impty OA gua'Laracc. 
that ateas outside the good plain distAict OA and 
uses permitted within such a dit,'Iict witJZ. be. PLee 
plom good1 	on good damage. Th4.6 or dinance 
,shatt not create LLiab tL 	on the patLt o6 (Name.  o()  
eoca twit) on any opl iceft (),7 emrtoyee thenco6 (on 
(Ifocid damage) that tes(1.0. 00M Aetiance 	thi) 
ordinance. on any admin,i)tnative 	 tardy ty 
made. theAeundit. 
Commentary 
Section 4.3 - Warning and Disclaimer of Liability. All of the 
areas studied have experienced some damages from past flooding. This 
ranged from extensive damages in Fairfax County and the Chicago Area to 
minor damages in the Atlanta Metropolitan Area. The main thrust of this 
ordinance is to lessen or avoid damages from future floods by limiting 
development within areas subject to flooding and encourage those develop-
ments already existing in these areas to take steps to minimize flood 
damage. A reasonable design flood (100-year flood in this ordinance) is 
selected as the basis for determining the areas to be covered by certain 
sections of this ordinance. This does not mean a larger flood will not 
occur or that some other natural or man-made phenomenon will not occur 
that will cause damage to existing development. Thus it is not intended 
nor should it be construed to imply or assure owners, occupants or pro-
spective purchasers of property that no flood of higher elevation will 
eve occur in the future. 
A warning and disclaimer of liability was included as part of the 
Northeastern Illinois Planning Commission's Suggested Flood Damage Pre-
vention Ordinance but was not included in any of the ordinances studied. 
This warning and disclaimer of liability should be included for public 
and judicial information. A determination should be made to be sure this 
section complies with Local and State laws and procedures. 
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Se cti o n 5.0 	1 food PC (Lin 	io t.,1 	t (loco 
5 , 1 Pc i tted LI6C o - Withi a tile. good IA' ain di tti ct the 
{Quoting t wing ao e,o cute pe Am' e d with the exec 	n that 
none of these uses , when acting atone o -61 comb-i na- 
tio n with o -the do C.6 , cute 	be attowed t0 a“ect 
advetzseey the. capacity o the channees cm go odwayo 
o/ any ttibutaily to the main o tteam and/°t -the ma,i,n 
o tmeam , di'tainag e ditch , o ,z any o the A. drainage 0- 
ci t ity on scotem, OA in any way a60 et the ()Ace {,'ow 
0,i good waters. This must be do came ate d by app 0- 
01 ate mgineeit4ng plans and o tudieio as dio cuzo ed 4:14 
IC CoCVttl/'s Food and Ekooion Coe/tot Manua. The 
ĵoaowing tio.t ous es is not intended to be ate in-
ctuoiv e but Oa to give  typical e.xampt e . 
5. 11 Agit4 cut tuna to 06 6 UCh CO ge n0Aai () coun- 	, pao - 
tune , gnawrzg, outdoor ptant nwrsetzLei , hotti-
catute , uch Oa/lining , 6o ta tit.] , and witdcit.op 
haAv co i.ng 
5. 12 IncluotrUat- co tnm eit ciat uses ouch cis toading cute a5 ,  
patking anca6 , (1_4"Lp° tanding ot tipo , and o thet 
no n ttuctutat us es . 
5. 13 Private and public tecteatio n used uch as got  
 co u,to es , tenn o co utt o , (hiving n.ang 	arch city 
ang cis , picni c g to undo , 6R1-611M4: Ng at eco , patko , 
witdti4e and natuiz e pkC era/ es , taitg et tang es , 
Praia and o keet tang C6 , hunting and 	;ling aiLeais 
h(oac, Ii rna mid liwocback 
5.14 Rnidc.atiaT con such co eawn6, gandcn6, txtitk- 
ing audo, p,eau anew), and otheA NOYI - 
sttuctuAat 
Commentary 
Section 5.1  - Permitted Uses. All ordinances studied provided 
some indication of the uses that would be permitted within a flood plain 
district. Ingham and Fulton Counties were the only areas that listed 
the permitted uses in a manner similar to Section 5.1 of this ordinance. 
The uses given in this section consist of a compilation of those uses 
Listed in the different ordinances studied. 
Since the uses listed in this section are open-space uses and do 
not involve structures, fill, or storage of materials, a specific evalu-
ation of these uses should not be necessary. Generally, permitted uses 
do not obstruct floodways or threaten other land and usually have a low 
flood-damage potential. A review of the literature concerning flood 
plain ordinances indicates that some ordinances make all flood plain uses 
special permit uses (none of the ordinances studied did this). This some-
what cumbersome procedure seems unnecessary for purely open-space uses 
not involving fill, cut, structures, or storage of materials. 
The main purpose for including this section on permitted uses is 
to give an indication of the County's policy regarding uses of flood 
plain land. It also serves to inform the public of typical uses allowed 
in the flood plain district. This list of uses given is not intended to 
be all inclusive but only to give typical examples. 
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5.2 Speciaf-Pcmit Uses - the 6o.e-eowing uses which in-
vofve 5 tmetuycc5 (temp-many on potmanent), kat, cut, 
OA storage. o() mateAiaf6 on equ4pmeka may be peAmit-
ted oney upon apptication {yon a , pecia.e use petmit. 
Oetaie6 on such peAmit arse given in Section 6.0 
tins oAdinance. Thee. u.R,z arse. ato subject to the 
pitovi6ion6 o6 Section 5.3 which appeie6 to 01. good 
?Actin di6tAict vec,iae-penmit 116C,6. The pttowing 
c) u6e6 is not intended to be aft. inatoive but 
onty to give typicat examrtn. 
5.21 Lie,5 an 6tituctuiteo accmony to open space on 
Speciat PeAmit 
5.22 CL cube, caAnivae and .oimitaA than Lent amu6e-
ment entekpti5e6. 
5.23 Onive-in theatet, noad-6ide 6tancts, 6 igas and 
biUboaAds. 
5.24 Extnaction of „sand, gAava and otheA mateAicie. 
5.25 MaAina, boat Aentabs, dock's, ptiens , whaAve6. 
5.26 Raitnoads, 6tTeet, bAidgeis, ati-eity tkanzmi6 - 
6ion tine and pipe tine6. 
5.27 Stokage //ands on equipment, machineny on ma-
ten4a,e6 - . 
5.28 Suppoitt () on  otttuctuAn (exceuding cite) where 
the. good .f.evet (I() the 6tAuctuiLe 	above the 
100-yeah Hood ContonA Etevation but the .10- 
poAt6 ante within -the good ptain anent. 
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5.29 Vam6 and dfLai.nage 6tAuctufLeis contnucte.d to 
at eea6t the feva o6 the (name oi focae 
ani.t) otandatto aid oeci..“eation6. 
Commentary 
Section 5.2 - Special-Permit Uses. Special-permit uses are uses 
which must receive special attention to prevent obstruction of floodways, 
threats to other lands from floating debris, and substantial damage to 
the uses themselves. Therefore, a determination of the appropriateness 
of the specific proposed use and its location within the flood plain is 
needed. The important objective of this is to provide a procedure by 
which these uses can be evaluated on a case-by-case basis. Thus the de-
veloper is required to submit detailed engineering studies to document 
any actions he intends to take. A special permit is given only after a 
public hearing (by some authorized board) which determines that the con-
ditions set down in the ordinance do exist. In all cases, technical en-
gineering assistance by the County should be used to perform most of the 
evaluation and advise the review board. 
It is also important to coordinate special-permit uses with exist-
ing or proposed uses within and outside the flood plain district. This 
is done to avoid a mixture of incompatible uses (e.g., a drive-in the-
ater adjacent to lands zoned for residential purposes could cause serious 
conflicts). 
Only Ingham and Fulton Counties had provisions in their ordinan-
ces similar to special-permit uses included in this ordinance. The 
other ordinances listed many restrictions to be applied to uses in the 
flood plain areas but did not provide a means of issuing special permits 
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for -;onic! uses. 
This section on special-permit uses should be included in the or-
dinance for the following reasons: 
I. Generally, the uses listed have a low flood-damage potential. 
Thus, it seems over-restrictive to exclude them from the 
flood plain area because of possible damage to these uses. 
2. Since the uses listed have the potential to obstruct flood-
ways, an engineering evaluation is needed to evaluate this 
potential. 
3. As in Section 5.1 one of the purposes for including this sec-
tion on special-permit uses is to give an indication of the 
County's policy regarding special uses of flood plain land. 
This policy is inferred by the uses allowed. The main ob-
jective of this policy is to keep uses with high damage po-
tential out of the flood plain so not to cause public ex-
pense, and keep things out which would harm others. This 
section also serves to inform the public of typical special 
uses that might be allowed in the flood plain district. 
4. It is a combination of policy decisions (political process) 
and technical engineering decisions that decide what uses 
should be allowed in the flood plain district. The special 
permit allows both of these areas to interact in evaluating 
any particular proposed use. 
5. The procedures outlined in this section also bring under the 
scrutiny of the public the decision of allowing or disallow-
ing any particular use of flood plain lands. 
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6. Having to go through the procedure of getting a special-
permit reduces the chance of someone developing a property 
unaware of a potential hazard. 
5.3 Standards tiot Flood Hain Specicd-PeAmit 	- Fottow- 
ing ate some minimum standakds wb o 	of specia-peT- 
mit uses must adhere to. 
5.31 AU U.3 e5 - No ,stAuctuAc (tempoTaky an pc,tmanent), 
W,e depo6it6 (,61auding iitt .() oT Toads and 
i"cuee.$), excavations, ob,snuctias, storage. of 
matc.tia6, (ft equ-ipment, on othe-n use may be at-
Lowed as a specae-reAmit use wh=i61, acting 
atone on i t combination with exithlg on () utute 
u5 es, bicTease.s good etexaton6 by 0.1 .oci.t on 
mote, beyond the votticat 	set (WA the 
Rood pta4n 
Commentary 
Section 5.3 - Standards for  Flood Plain  Special-Permit Uses. 
5.31 All Uses - All of the ordinances studied had some provision 
similar to this section. The major difference between Sec-
tion 5.31 of this ordinance and those studied is the ex-
clusion of some of the adjectives used in wording the other 
ordinances. Words such as significantly, substantially, 
unduly, or unacceptably were used in several ordinances to 
describe the limits of the increases of flood heights that 
were allowed. During the interviews no one was able to 
give an adequate definition of "significantly, substantially, 
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unduly, or unacceptably increasing flood heights." IL is 
difficult to administer an ordinance with such vague 
language. 
Since it is possible to determine the capacity of existing 
channels and the limits of floods associated with different 
return periods, any increase in flood elevation beyond 
these limits by 0.1 foot or more is prohibited in this ordi-
nance. The selection of 0.1 foot as a standard in this 
model urban drainage ordinance was somewhat arbitrary and 
would not be appropriate for some areas. The allowable in-
crease in flood elevation that is selected for a specific 
area should be related to local conditions and based on 
good engineering judgment. This approach should be much 
easier to administer and also provide a more definite 
description of the restrictions to which developers will be 
subjected. Selecting some small allowable increase in 
flood heights (0.1 foot in this ordinance) avoids having 
to look at very small rises. This can save administrators 
a great deal of time and cost. 
This approach also allows a community the option of allow-
ing for future development when establishing the limits of 
the flood plain drainage district by basing these limits on 
projected future land use conditions rather than existing 
land use. Depending on local statutes and conditions the 
following options might be used to obtain downstream flood 
plain areas necessitated by upstream development: 
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1. purchase of needed flood plain areas, 
2. purchase flood plain easements through affected areas, 
3. provide cash compensations to the owners of affected 
areas. 
In addition, the evaluation of the effect of a proposed use 
in causing increases of flood heights is based not just on 
the effect of the single use acting alone (which was done 
in several of the areas studied), but upon the reasonable 
assumption that other landowners within the hydraulic reach 
must be treated equitably and allowed to develop to an 
equivalent extent. Therefore, the cumulative effects of 
such encroachments must be considered. In the Chicago and 
DeKalb areas some developments (five acres or less in the 
DeKalb area) were excluded from some of the regulations but 
DeKalb County felt this led to many small developments. In 
other words, developers would divide large developments in-
to several small ones to avoid the regulations. This again 
points up the necessity of looking at the cumulative effects. 
5.32 Fitting, Dumping, Excavating, and changes in Topography - 
The (l oaowing ,Leistrtiction6 shaft peiltain to ate 6iet-
ing, dwnring, excavating, and change's o(1 topog ,Laphy with-
in the 6 .eood ptain di6tAict. 
(1) No W.fing OA dumping Gia.U. be at owed which wia. 
incneaise ktood heightz beyond the timitation6 yet 
in Section 5.31 0(1 the wEdinance on advmsety aA-
6ect the hydAauUc e“iciency on capacity the 
iceood pectin drainage distnict uheess such (1 4t.e-
ihg is compensated ;Con by excavation CH 07 Coo - 
tiguous to the () ireed anea, and does Not ad-
venseey a“ect the hvdnaueic chanactenistics 0!) 
the (.tood peain. The tenor iiietikig as used hen(' 
siuta mean stnuctunes, whethen temponany on re7 - 
makimt; obstnuctiohs; stonaae o( maten,ia; on 
any °then reaccmcnt o() matten iII such a maNnen 
that may decrease [Ceood peaim vot"ume. 
(z) Nc changes iit topoonaphy (,iieting on excavation) 
will be allowed 	these changes wibb nesutt in 
a conceattat,icn oiC the natutae ;Ceow o() (oaten 
such as to cause o increase d7a6qago pnoblems. 
The grading (NC any area sha& be done ,.61 a man- 
nen to maintabi pnopen dnainage thnoughout. 
(3) Auy 	proposed to be deposited ,61 the {hood 
pea("n must be shown to have. some benqicia de 
vetcpmeNt puApoc and the amount theneo() not 
greaten than is necessary to achieve that I:un-
pose, as demonstrated by a ptan 6abm4.ttc.d by 
the owner showing the uses to which the Wted 
and wite. be gut and the iinae dimensions o() 
 the. proposed 	on other matenicies. 
(4) Such () et on 	 oc mateniats shaU be pnotected 
against epos boo a6 discussed in the County's 




and ChPilU8I:FP.P) - 
gra„plly. The main purpose of this section is to minimize filling in the 
flood plain areas, to preserve flow capacity, and to assure that fill 
placed in these areas will have a beneficial purpose and be protected 
against erosion. Following is a discussion of the restrictions included 
in this section. 
5.32 (1) The adverse hydraulic effects of filling and dumping in 
a flood plain can be neutralized if compensatory storage 
is provided, designed so that the hydraulic conductivity 
of the total drainageway, including the flood plain, is 
not reduce. Compensatory storage seeks to provide arti-
ficial flood storage capacity in areas where natural 
storage capacity has been lost or reduced as a result 
of development. The principle of compensatory storage 
is simple: for each unit volume (yd 3 ) of natural stor-
age that is eliminated, an equal unit volume of capa-
city should be substituted. Thus, storage capacity 
will remain constant within a given area despite the 
fact that filling and/or erection of structures may 
occur. Of primary importance is not the exact balanc-
ing of volumes of cuts and fills but preserving the 
hydraulic characteristics of the flood plain areas. 
Cutting and filling in flood plain areas disturbs and 
can destroy an areas ecology. Thus it might be argued 
from an ecological percpective that balancing cut and 
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fill is probably worse than fill alone without compen-
sation. As written, this proposed ordinance does not 
address itself to many ecological considerations. To 
do such would add great complexity to the ordinance and 
possibly overshadow (or at least confuse) the main pur-
poses of the ordinance. In addition, at this time many 
of the ecological consequences associated with different 
actions (e.g., clearing land, channelization, etc.) are 
not fully understood. Thus, it is often difficult to 
get agreement concerning the cause of damages and re-
medial actions that should be taken. If a community 
wants to protect the ecology of certain areas, it should 
adopt additional ordinances and regulations designed for 
this purpose. 
During several interviews, the author made the sugges-
tion that no filling within the flood plain be allowed. 
The general reaction to this was that although this 
might be a good idea from an engineering or environ-
mental perspective, it is often not from an economic 
viewpoint. It was pointed out that in many areas there 
is a considerable amount of flood plain area where land 
values are high. Thus political and developmental pres-
sures are used to allow some filling in these areas. 
Accepting this, some provisions should be included in 
the ordinance to protect the hydraulic conductivity of 
the drainageway. 
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All of the ordinances studied had some provisions for 
controlling filling of the flood plain but only the 
cities of Atlanta and Chicago, and DeKalb, Fulton, and 
Fairfax Counties included provisions for compensatory 
storage. 
5.32 (2) Not just filling but any change in topography can ad-
versely affect adequate drainage. It has been the ex-
perience of the Cobb County Engineering Department that 
developing areas in a manner such that natural flows 
are concentrated at one or more points can cause drain-
age problems for downstream areas. Although the total 
amount of flood water discharged from a site may not 
have changed, in many developments the water is divert-
ed from natural flood plain areas and is concentrated 
at points where the flood plain does not have adequate 
storage capacity. Only the City of Atlanta's grading 
ordinance had a provision similar to this section of 
the proposed ordinance. 
5.32 (3) It is not the intent of this section of the ordinance 
to encourage indiscriminate filling of the flood plain 
areas. Any proposed fill should have some beneficial 
purpose and the filled areas should not be larger than 
required for this purpose. Only Ingham County's ordi-
nance had a section specifically stating that proposed 
filling must have a beneficial purpose and must be 
limited. 
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5.32 (4) Filled areas are more susceptible to erosion problems 
than other areas. Although erosion and sediment control 
regulations are delt with in another section of this or-
dinance, this section is included as an additional re-
minder of the problems involved with filled areas. This 
provision is similar to the Ingham County ordinance. 
The City of Atlanta also has a provision to control ero-
sion and sediment from filled areas. 
5.33 SttactuAn (tempotaty on permanent) - The 6ottowing te- 
stiictioio ,shate. pottain to a1 stAttctute,s (tempotwLy 
on peAmonent) tocated within the good ptai n di6tAict. 
(1) Sttuctutn shat t not be dez,igned bon human habita-
tion uam good-ptoo6ed 	pet pecigcation's 
given in the County',s Ftood and Enclion Con test 
Manua 
(2) StAuctuna ,s hat have a tow good-damage potentiat. 
(3) The ,stnuctune on ,stAuctunez, i6 petmitted, zhatt 
be conzt&ucted and ptaced on the buieding 4ite 
as to oA6et the minimum °ht.:Auction to the gow o6 
good watms. 
(4) StkuctuAe4 and ate othen ,s toned mateitiots 6hatt be 
anchoted on tattained to prevent them 6tom goat- 
ing away, which may tadef in damage to other 
ftuctuAe4, wstnuction o6 (midge openings and 
other nottow a c_ctionz o6 the ,stAeam on tiveA. 
(5) AU buieding,s tocated within -the good pain 
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dizttict ,shaZe be good-ovo6ed up to an eteva- 
ti.on oA at tea)st that 	the 100- year Food Con- 
tout', Elevation within 	month6 Wen thi.6 ondi- 
nance ,b5 adopted. N the owner chooe4 not to 
good-pnoo6 to that &vet he mu6t We a written 
,statement et,suming any good damages to hiz 
,stnuetuAe and content)s. 
(6) Service 	 'such as etectnicat and heat- 
ing equipment shaft be conztAucted at on above 
the 100-yeah Hood Contour Etevation on good-
puo6ed. 
Commentary  
Section 5.33 Structures (temporary or permanent). Although all 
ordinances studied had some provisions for controlling structures within 
flood plain areas, each ordinance had a different approach and nonecon- 
tained all the provisions listed in this ordinance. Following is a 
brief discussion of the six restrictions described in this section. 
5.33 (1) Structures designed for human habitation are prohibited, 
unless flood-proofed, because of either high water 
velocities or flood damage ordinarily associated with 
the flood plain district. All of the ordinances studied 
prohibited the use of structures within the flood plain 
district for human habitation. Several of the ordi-
nances specifically stated that if the structures were 
built on stilts or columns and the first flood eleva-
tion was a certain distance (varied with the different 
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ordinances from 0 feet to 31/2 feet) above the designated 
flood plain contour elevation, then the structures 
could be used for human habitation. This was part of 
the Chicago, Tampa, Fulton County, and Fairfax County 
ordinances. Since this situation was covered within 
the list of uses given in Section 5.28 it was not made 
a part of this section. 
5.33 (2) This section reaffirms an earlier statement that uses 
permitted as special-permit uses must have a low flood-
damage potential. Ingham County's ordinance included 
such a provision. 
5.33 (3) Although this section could be considered part of en-
gineering design specifications and would thus be in-
cluded in the County's Flood and Erosion Control Manual, 
it is included as part of this ordinance because of its 
possible impact on land use and zoning decisions. It 
might be possible to utilize an area within the flood 
plain district for some uses (long narrow buildings all 
placed parallel to the direction of flood flow) but not 
others. This section is consistent with Ingham County's 
ordinance. 
5.33 (4) This section is included to help prevent damage to pro-
posed structures and other structures or facilities 
downstream. Ingham County's ordinance included a sim-
ilar section. 
5.33 (5) Both Chicago's and Tampa's ordinances contained some 
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reference to flood-proofing structures. Tampa's ordi-
nance also contained a considerable amount of detail 
concerning what flood-proofing measures could be re-
quired. The details or engineering specifications and 
design associated with certain flood-proofing measures 
can be more adequately dealt with in the County's Flood 
and Erosion Control Manual and not in the ordinance. 
The question of flood-proofing is heavily dependent up-
on the economics of the given situation. The County 
has the obligation to inform the owner of a building 
within the flood plain that his property is subject to 
storm damage. It is then up to the owner to determine 
whether it is more economical to flood-proof the struc- 
tures or suffer flood damages. As long as no other pro-
perty will be damaged by not flood-prooding a structure, 
the decision concerning the use of flood-proofing should 
be up to the individual owners. If the owners choose 
not to flood-proof to the 100-Year Flood Contour Eleva-
tion, a written statement is required to confirm that 
both the County and owners are aware of the situation 
and of the choice that the owners have selected. 
5.33 (6) Since electrical and heating equipment is especially 
vulnerable to water damage special attention should be 
given to these facilities. This section is consistent 
with Ingham County's ordinance. 
5.34 StoAage o4 MateAiat and Equipment - The 4ottowing 
ne)st/14ction4 shat t pentain to the tokage o ma-
tetulat and equipment within the good plain 
datkict. 
(1) The istokage on pkoca,sing 04 matekiata that 
arse in time o4 gooding buoyant, gammable, 
exptoive, saubte, expansive, on coact be 
injukiou4 to human, animat on. plant Zi tie L 
pkohibited. 
(2) Stokage o4 othek matekiat ok equipment may 
be attowed i4 not 4ubject to maim. damage 
by goods, untess owners 4ite4 a wnitten 
statement assuming any good damaga to ha 
ptopetty, and -L 4ikmty anchoked, AutAained, 
on enctozed to pkevent them 4kom goating 
away. 
Commentary  
Section 5.34 Storage of Material and Equipment. Storage of ma-
terial that is buoyant, soluble, flammable or otherwise injurious when 
carried by flood waters is prohibited for health and safety reasons. 
Other materials and equipment can be stored if they will not cause much 
damage and if they are anchored or enclosed to prevent flotation. Only 
Chicago and Ingham County had provisions in their ordinances that speci-
fically dealt with the storage of material and equipment within flood 
plain areas. Their provisions were similar to the ones included in this 
ordinance. 
The provisions concerning damage to stored material or equipment 
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can be waived if the owners submit to the County a written statement as-
suming all flood damages. This written statement is required to confirm 
that both the County and owners are aware of the owners decision to as-
sume all flood damages to his property. 
5.35 Public Utaitie6 and Facititie)s - The location, 
deisign, elevation and con tAuction of att. pubtLc 
utiti_tie6 and 6acieitia 6uch 	6CWCA, gay, 
etectticat, waten 6ytem6, ,6tneetis, btidge6, and 
cutvetts 6hate be in 6uch a manner az to mini- 
mize on eliminate damage by .gooding, gow ob- 
6tAuction, and 6ewen ovengow6. 
Commentary  
Section 5.35 Public Utilities and Facilities. Only Chicago, 
Atlanta and Ingham County's ordinances had provisions that specifically 
dealt with the location of public utilities within flood plain areas. 
In both Chicago and Ingham County, a permit from the State is required 
before any utilities can be located within flood plain areas. In Ingham 
County, a permit from the Drain Commissioner is also required and all 
utilities must be located at least four feet below the invert of the 
stream. 
Although little data were available in the areas studied to de-
termine to what extent utilities posed problems in flood plain areas, 
personnel with the City of Atlanta and DeKalb County expressed the opin-
ion that there were problems with some existing installations. Quoting 
from a report written by the DeKalb County Drainage Engineer, "one of 
the principal impediments to natural flow is found in culverts and 
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bridges with insufficient openings and sanitary sewer lines across stream 
channels." In addition, the personnel in Chicago reported major pollu-
tion problems resulting from sewer overflows during storm events. From 
the results of the interviews it seems clear that some control of public 
utilities and facilities located within flood plain districts is needed. 
Section 6.0 - Speciat Uze PehMit4  
6.1 App&cation 	Speciat Uze Permit - Any uze tizted 
in th oAdinance az uquiAing a zpeciat uze petmit 
may be attowed only upon apptication and izzuance 
(16 a zpeciat use peAmit by the (tocat dezignated  
agency on board - henea6ten A.e6etned to as the Board).  
Commentary  
Section 6.0 - Special Use Permits. This section sets out the pro-
cedure for passing upon special use permits for flood plain areas. Em-
phasis is upon the special aspects of this evaluation which supplement 
usual procedures for evaluating special exceptions, conditional uses, 
and so forth. 
It was pointed out in the commentary on Section 5.2 - Special Per-
mit Uses, that only Ingham and Fulton Counties had provisions in their 
ordinances similar to Section 5.2 of this ordinance. In neither of these 
ordinances, or in any of the other ordinances studied, was there a sec-
tion dealing with the details concerning special use permits. The Tampa 
ordinance did include a section concerning appeals to the Board of Ad-
justment but this section had neither the scope nor detail included in 
this ordinance. 
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In some of the literature it was suggested that a section speci-
fically dealing with special use permits and/or variances should be in-
cluded in a flood plain ordinance. Section 6.0 of this ordinance is 
modeled after a similar section in an ordinance described in, "Regula-
tion for Flood Plains," American Society of Planning Officials, (25). 
This section of the ordinance is important for the following rea-
sons. Zoning, of which flood plain regulations are a part, has had many 
critics through the years. Many of these critics point to the large num-
ber of variances and special use permits granted as a sign of weakness 
in the zoning process. There are times when special use permits are 
justified, but large numbers of these permits will tend to dilute the 
main objectives of the ordinance. For this reason it is desirable to 
limit special use permits by setting up some definite procedures to be 
followed in passing on such permits. It is also necessary to specify 
definite factors which should be considered when a special use permit 
is evaluated and some typical conditions which can be attached to any 
such permit. 
By adopting a detailed section on special use permits, the Board 
has some definite guidelines that add continuity to the decision process. 
Also, the public is informed as to what factors will be evaluated and 
the procedures to follow regarding these permits. Since the Board and 
the Public will need this information pertaining to special use permits, 
it should be included in the ordinance rather than in the County's Flood 
and Erosion Control Manual which is concerned more with Engineering Data 
and Specifications. 
Considering all these aspects, a detailed section on special use 
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permits will go a long way in fulfilling the objectives of making the or-
dinance an effective policy statement. 
Since none of the ordinances studied had a section similar to sec-
tion 6.0 of this ordinance, it will not be possible to make any compari-
sons pertaining to these regulations. 
Section 6.1 - Application for Special Use Permit. If the use is 
one listed (or implied) in the ordinance as requiring a special use per-
mit then an application to the Board is required. 
6.2 Pitoceduite to be Fottowed by the Boaitd 4n Passing on 
Speciat Use Peitmitz - Upon Aeceiving an apptication 
pn a speciai use permit the board zhatt, pAioA to 
AendeAing a decizion theteon: 
(1) RequiAe the appZicant to 4uitnizh az much oi 
the Pttowing inpitmation az is necessaAy 
pit deteAmining the suitabieity o the paAti- 
cuiaA site pn the proposed use: 
(a) Pearls zhowing the nature, tocation, di- 
mention-, and etevation 	the tot, 
extbsting on ptoposed stAuctuAes, 
excavation, storage o mateitiatz, good- 
pitoo liing measuAes and the itetationzhip 
a4 the above to the Zocation 	the chan- 
nei and good pain distAict. 
(b) A typical valley cAoss-section showing 
the channet o the ztiLeam, elevation o6 
.hand aneaz adjoining each side o ti the 
channel, crows-isectionat anew to be oc-
cupied by the proposed development and 
100-yeah Flood Contour Eeevation. 
(c) Ptan4 'showing etevationz on contouitis o4 
the ground; good pan dizttict, pen-
tinent 6tnuctunez, 4itt on tonage etc.- 
vation; elze, tocation and oatiat at-
tangement o4 ate ptopoed and exizting 
6tAuctun_a on the zite; &cation and 
etevation4 o4 stneet)s, watet 6uppty, 
zanitany Aacititie4; photognaphis 4how-
ing exizting .hand use...6 and vegetation 
uotneam and downztneam, boil -types and 
othet pettinent in4onmation. 
Id) A pto4ite 4howing the 4tope o4 the bot-
tom o4 the channel. OA 6tOW tine o6 the 
ztneam. 
(e) Speci4icaton's 4on buitding con)stnuction 
and mateniaa, good-ptoo4ing, 6itting, 
dredging, grading, channel impAoyement, 
4tonage (14 mateniatz, waten zuppty, and 
zanitany 4acititie4. 
(2) Ttaromit a copy 	the above in4onmation to the 
County Engineeting Depaktment 4on .their /Leview 
and comment. 
(3) Bazed upon the technical evatuation o6 the 
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Enginee,ti.ng VepaAtment, the Boated 
detomine the oeci6ic good hazatd at the 
ite and ishati evaluate the ,(..tabLity (16 
the pkopned uLe io tetation to the good 
hazakd. 
Commentary  
Section 6.2 - Procedure to be Followed by the Board in Passing  
Special Use Permits.  
6.2 (1) This section indicates the type of information the Board 
can require the applicant to supply. This information 
is of two general types: (1) description of the physi-
cal characteristics of the site, including a typical 
valley cross-section, a profile of the stream and vege-
tative cover, and other potential obstructions to flow. 
(2) A description of the proposed development which will 
permit an evaluation of its suitability based upon the 
flood hazard present at the particular site, including 
the nature of the use, its spatial arrangement, structur-
al specifications, and other pertinent facts. 
6.2 (2) This section requires the Board to transmit the infor-
mation from Section 6.2 (1) to the County Engineering De-
partment. This department uses the information to check 
the flood hazard at the site and to evaluate the suita-
bility of the proposed use in relation to the flood 
hazard. The County Engineering Department may suggest 
modifications of the proposed development necessary to 
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meet the requirements of this ordinance. 
6.2 (3) Based upon the evaluation by the County Engineering De-
partment, the Board determines the suitability of the 
proposed use in relation to the flood hazard. The fac-
tors which the Board is to consider in evaluating the 
proposed special-permit use are found in Section 6.3. 
The Board may attach additional conditions as authorized 
by Section 6.5. 
6.3 Factou Upon Which the Decion ofi the Boand Shatt be 
8a6ed - In pcoising upon apptication,s (I on oecial cuse 
petmt..s, the &land shat conziden att ne&vant fiacton ts  
ispecifiied in othen ,section 	ordinance and: 
(1) An evatuation to show that the ptopoised use 
witt not neduce the capacity ofi the goodway 
on incneae good height beyond thoise ateow-
ed in thiis ordinance. 
(2) The dangers that matetiatz may be !swept onto 
others £ands on downtneam. 
(3) The ptopo6ed waters 2suppty and anitation 
tem6 and the ability ofi theme 4yte,m4 to pne-
vent diisea.se, contamination, and unisanitany 
conditionz. 
(4) The impontance to the community ofi the .oet-
vica pnovided by the pnopoed 4ac-itity. 
(5) The h_egtviAmento o4 the fiacitity fion a waten-
finont &cation. 
(6) The avaitabitity 04 attetnative tocationz 
not 6ubject to gooding. 
(7) The compatibitity o4 the ptopozed use with 
exizting development and development antici-
pated in the neat 4utute. 
(8) The tetationiship o4 the u,se to the comptehen-
ive plan and good pJLctn management program 
4ok the area (i4 avaitabte). 
(9) The za4ety in time✓s o4 good o4 acce'm o4 ot-
dinaty and emetgency vehictez to the property. 
(10) The expected height )s, velocity, dutation, rate 
o4 tize, and sediment ttanzpott o4 the good 
watetz expected at the 'site (i4 the Boated 
6eetz -thL in4otmation a needed). 
(11) Such othet 6actou ass are tetevant to the pur-
pose o6 thiis ordinance. 
Commentary  
Section 6.3 - Factors Upon which the Decision of the Board shall  
be Based. This section lists the general factors which the Board shall 
consider in evaluating the application for a special-use permit. These 
are in addition to the specific requirements contained in Section 5.0 
for flood plain uses. Since factor ten (10) would necessitate a con-
siderable amount of engineering work for a general requirement, it 
should be left up to the Board whether or not such information is needed 
to evaluate a specific application for a special-use permit. 
6.4 Time 4ot Acting on AppZication - The BoaAd 4halt Act 
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on an apptication in the manner dnctibed w ithin 
day6 4,tom teceivikig the appticati.o)1, except 
when addonat information i 5 uquin_cd by the 
Board. The Board 6hatt ,tendot a wn_itten deci- 
6ion within 	day's 4tom the keceipt o.6 'such in- - 
6onmation. 
Commentary  
Section 6.4 - Time for Acting on Application. This section sets 
a time limit within which the Board must act on an application for a 
special use permit. The time limit can be extended if the applicant is 
required to supply additional information for a proper evaluation of the 
proposal. The basic purpose of this section is to set some reasonable 
time limit within which the Board must render a decision. 
6.5 Condition's Attached to Speciai Use PeAmtz - Upon 
conzidetation 	the 4acton2 tiisted above and the 
puitpon o4 thins ordinance, the Boated may attach 
6tich condition to the granting o4 1,peciae. uze pet-
mitz on vaAianca az Lt deems necezzaity to 4untket 
the putpozez o4 	ondinance. FoLeowing are zome 
exampta o6 6uch te)stAiction's: 
(1) Modi4ication o4 wazte di4po'sa2 and watet-
'suppty 
(2) Limitations on peniods o4 uze and open.a-
tion. 
(3) impo6ition o4 openationat contua, 6une-
tius and deed netAictionz. 
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(4) Requinemen 	60k conztAuction o6 channet 
moth ceat^ ons, dam, Zevee4 and otheA pito-
tective mea4u)Le6. 
(5) Ftood-pnoqing mea3uAe4 con6itent with the 
.6tandake6 and oeciicationz Icon good-
ptoo4ing contained in the County's Food 
and Etoion ContAot Manual. 
Commentary  
Section 6.5 - Conditions Attached to Special Permits. This sec-
tion specifically authorizes the Board to attach conditions to the is-
suance of variances or special use permits and lists some of these con-
ditions. By including flood-proofing measures as part of this ordinance, 
certain responsibilities are placed on the County. The review of flood-
proofing measures by the County will necessitate the hiring of qualified 
personnel knowledgeable in this area. As in many sections of this ordi-
nance, the County will have to decide whether it is justified in terms 
of available funds and budget priorities to employ the personnel needed 
to justify the inclusion of this section in the ordinance. 
Section 7.0 - Noncon6oAming U4e4  
7.1 A tnuctune on the u,se o6 a 6tAuctute on pnemizeis 
which way tagut beicone the paimage on amendment o6 
this ordinance but which 	not in conPAmity with 
the pitoviisionz o6 this ordinance may be continued 
subject to the iottowing conditioo: 
7.11 No such u6e 4hatt be expanded, changed, 
entanged, on aete ,ted in a waif which i)lcitea,ses 
Cts degree_ 06 noncon6otmity. 
7.12 No s tfuetunae catenation, addition ofrz nepain to 
any noncon6onming stAuc,tuke skate_ exceed pen-
cent 06 tits vague at the time o6 it,s becoming a 
noncon6onming usc, unte6 the ,stnuctune pen-
manently changed to a conionming use. 
7.13 I6 such toe is dicontinued bon 	consecutive 
months, any future use 06 the buieding wtemise6 
shalt con6okm to th,bs ordinance. 
7.14 16 any noncon6onming use on ,stAuctuAe i's deistnoy-
ed by any mean, including Goods, to an extent 
06 50 percent on mone 06 its mete, it 4hatt not 
be necontnucted except in con6onmity with the 
pnoviisions 06 this cftdinance. 
7.15 Uses which become nuiance"s under condition's oi 
ondinance4 s hat not be entitted to 
continue as noncon6onming 
7.16 Except as pnovided in Section 7.15, any use which 
has been petmitted as a 4peciai-petmit use s ha.0 
be con/sidened a con6onming me. 
7.17 Any attenation, addition, on_ nepain to any non- 
con tionming 6tYtuctune which woad neutt in &kb- 
tantiatey incneazing L good-damage potential 
pnohibited. 
7.18 The County shaft prepare a etist 06 those 
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oonconon.ming u5e5 which have been 6tood-ooqed 
0 ,t othozwizc adequate flf )0' r0 ((' C t(' d in COfri 	tit 
So.Ctoo 6.5 (1) - (5). 	Tiri 	ishatT be 
tokented to thc Bocutd which may izzue a ceAtii-
cute. to the oWnek tating that cis a kezutt 
-thee conAective mecourtz 	me6 cote in con- 
otmity with the puviAion6 o6 -this ordinance. 
7.19 16 the iLeztAictionzptaced on a paAtimean Me 
change (e.g., towering o,6 100-yeah Hood ContouA 
Etevation), a ceA ✓i,6icate witt be io-sued to the 
owner ztating that a uzat 	.thee mecoute4 
such woe is in coqoAmity with the puvizionz 
04 -thin outinance. 
Commentary  
Section 7.0 - Nonconforming Uses. The subject of nonconforming 
uses is a troublesome and complex area of zoning law. An administrative 
procedure for handling nonconforming uses would be desirable. The 
process should permit a case-by-case determination of the probable ef-
fect of the change, continuance, or termination of the uses and take in-
to account social harm from continued existence and private injury 
caused by termination. In some cases, special enabling legislation is 
likely to be needed for such an administrative procedure. 
Section 7.11 - 7.13 - Expansion, Alteration and Termination.  
These sections limit the expansion and alteration of nonconforming uses 
and provide for their termination when not occupied. 
Section 7.14 - Reconstruction. This section requires 
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reconstruction of a destroyed structure to be in conformance with this 
ordinance. The literature concerning drainage ordinances indicates that 
many ordinances restrict the right of the nonconforming use to restore 
a structure damaged by fire, flood, or other calamity. Commonly they 
prohibit restoration in excess of 50 percent of assessed value, fair mar-
ket value, or replacement values (in descending order or stringency). 
Enforcing such a provision against a flood victim could prove unpopular 
since it seems to be like kicking a man when he is down. Therefore, the 
provision is added that the Board may permit reconstruction of a use if 
it is adequately protected against flood damage. 
Section 7.15 - Nuisances. This section makes clear that nuisances 
are not to be given protection as nonconforming uses. An example of a 
nuisance is a floodway use which obstructs flows, causing substantial in-
jury to other lands or to the public. 
Section 7.16 - Special-Permit Use.  Since a drainage ordinance 
must by its nature make use of the special use permit technique, it is 
well to point out that special-permit uses are conforming uses. 
Section 7.17 - Alteration, Addition and Repair. Any substantial 
modificaiton of a nonconforming use should, if possible, reduce its vul-
nerability to flood damage and certainly not increase it. The reasonable 
administration of this and other flood-proofing requirements for noncon-
forming uses will depend upon an evaluation of the flood-hazard, safety 
considerations, value of the use, and the cost of the particular flood-
proofing technique required. 
Section 7.18 and 7.19 - Changing to Conforming Uses. The stigma 
attached to a designation as a nonconforming use because of failure to 
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comply with flood-hazard restrictions can be a financial burden to the 
owner who is trying to sell or obtain financing. In some instances, the 
degree of nonconformity may be relatively minor. The possibility of ob-
taining such a certificate could also encourage flood-proofing. 
Although a general section concerning nonconforming uses is usual-
ly contained in the County's zoning regulations, drainage and flood con-
trol regulations have some unique restrictions which primarily affect 
only those areas within or adjacent to the flood plain areas. In addi-
tion, many times a flood plain or drainage ordinance, although a part of 
the zoning regulations, is written as a separate document and becomes 
physically detached from the overall zoning regulations. For these rea-
sons, a separate nonconforming use section should be included within the 
drainage ordinance. None of the drainage ordinances studied included 
such a section although much of the literature concerning drainage or-
dinances recommends that some mention of nonconforming uses be included. 
Section 7.0 of this ordinance is modeled after a similar section 
in an ordinance described in "Regulations for Flood Plains," American 
Society of Planning Officials, (25). 
Section 8.0 - Hydutogic and Hydtautic Studin  
A hydnotogic and hydkautic 'study ()A the pnopoed development 
4hatt be isubmitted with each apptication bon a devetopment penmit. 
Thee 'stadia wit t be toed to atabti,sh the coca ion o4 the 100-yeah 
Food Con-tour. Etevation (i4 	inpAmation i4 not atiteady avaitabte) 
and atzo to dezign iLetention and detention 6totage 6acititie)s to timit 
the 4toAm nuno66 4nom the devetopment to that which can be contained 
within the good ptain dizttict. Thco, theses 	 witt be toed to 
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evaluate the total c., liccto a development under neview may have upon ext-
ing and pnopo6ed devetopments and dnainage 6acititie.o within the devetop-
meat area. k5 pant o() the4e istudle6, the e.Wct o( ) the 100-year Ftood 
OH pnopoed and existing dnainage 4acit4_t(le ,s hou„ed be detetmined. 
In add4tioa, the e() ectb the pnopoed development w,itt have on 
existing devetopmeato, dnainage . (Lcitit, and pnopenty urstneam and 
downs tneam () nom the pnopo ,sed development mint be evatuated. The-se 
5tudfle..6 mutt show that the pnopo6ed development milt not cneate on won -
.ben dnainage ptobtemis uotneam on dOWn6tA_Jam ()nom the pnoposed devetop-
ment, and that the timito o() the good ptain dittict wilt not be ex-
ceeded. 
the Limit o() the ().good plain ditnct would be exceeded by the 
iacnea,sed Auno“ ()nom a ptopo6cd development ( ) on the 100-yeah Flood on 
incnecoed tuno66 ()nom any deign good, up to and inctuding the 100- 
yeah Food, woad ch_eate on women dnainage pnobtero, then an engineening 
deign mot be inctuded in the hydnologic and hydnautic study. Thi de-
o,ign meet }show how the incteased tuno( ) 6 ()tom the pnopo)sed 6ite wilt be 
contnotted on what changes in the dnainage ,sy6tem downistneam wilt be 
made to accommodate thi4 inctea6ed iLuno66 	that the timits o,6 the good 
plain di,stnict witt not be exceeded and dnainage pnob.Pemo wilt not be 
created on wouened. 
Commentary  
Section 8.0  — Hydrologic and Hydraulic Studies. All of the ordi-
nances studied had different requirements pertaining to hydrologic 
and hydraulic studies. Following are some selected highlights from 
the requirements of the different areas. Because of the many 
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differences between the requirements pertaining to hydrologic and hydrau-
lic studies in the different areas studied and the importance of these 
studies as they relate to the different sections of this ordinance, the 
following commentary will be much more detailed than the other commen-
taries in this chapter. This will enable the reader to quickly compare 
the requirements of the different areas studied. Although most of the 
ordinances studied did not specify the use of any particular hydrologic 
procedures, the personnel interviewed indicated that certain hydrologic 
procedures are recommended. The hydrologic procedures recommended by 
each of the areas is indicated in the following commentary. These pro-
cedures are being used to determine peak runoff rates and volumes for 
design of drainage facilities. Since the County's Flood and Erosion 
Control Manual would contain information related to hydrologic proce-
dures, no reference to any particular hydrologic method of analysis is 
included in the proposed model urban drainage ordinance. 
DeKalb County  
1. A Hydrologic and hydraulic study and analysis of storm water 
runoff is required for all developments. 
2. The 100-Year Flood Contour Elevation must be determined for 
any development adjacent to or encompassing a flood plain 
drainage district or adjacent to or encompassing a stream 
which generates a flow in excess of 500 cubic feet per se-
cond under a 100-year design storm. 
3. Storage facility studies are required for all developments 
that generate an increase in runoff in excess of one cubic 
foot per second under a 10-year design storm. These studies 
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are done to determine whether or not storage facilities 
(with outlet control) are needed to control storm runoff. 
Studies are based on a 10-year design storm with no increase 
in runoff allowed for this storm 
4. The rational method is recommended for all studies. 
City of  Atlanta  
1. Hydrologic and hydraulic studies are only required when the 
City personnel feel there is a need. 
2. Storage facility studies are required on some developments. 
The City personnel determine which developments (on a case-
by-case basis) will need these studies. Studies are based on 
a 100-year design storm with no increase in runoff allowed 
for all design storms up to and including the 100-year storm. 
3. The rational method is recommended for hydrologic studies 
dealing with areas up to 50 acres. The Burkli-Ziegler for-
mula is recommended for studies dealing with larger areas. 
Fulton County  
1. Hydrologic and hydraulic studies may be required if the Coun-
ty personnel feel there is a need. This need is usually based 
on: 
A. whether the developer wants to fill or grade within the 
flood plain, 
B. whether the development is of such size that it will in-
crease the 100-Year Flood Contour Elevation by one foot 
or more, 
C. whether it appears that the development will increase 
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the runoff so as to create a "hazard". 
If the development causes any of these conditions, then a 
study is usually required. 
2. If the proposed development increases runoff so as to create 
a "hazard" then storage facility studies are required. These 
studies are based on a 10-year design storm with no increase 
in runoff allowed for this storm. 
3. The Burkli-Ziegler formula is recommended for all hydrologic 
studies. 
Clayton County 
1. Hydrologic and hydraulic studies are only required when the 
county personnel feel there is a need. 
2. Talbot's formula and the rational method are recommended for 
hydrologic studies. 
Ingham County  
1. Hydrologic and hydraulic studies are required for all develop-
ments. The 10-year one hour storm is used as the design storm 
for all drainage facilities. 
2. The rational method is recommended for hydrologic studies. 
3. In the near future the County will be using computer simula-
tion for the design and evaluation of all drainage facilities. 
Chicago  
1. Hydrologic and hydraulic studies are only required when the 
Chicago Metropolitan Sanitary District feels that a proposed 
development might cause drainage problems. 
2. Storage facility studies are required for all non-residential 
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developments exceeding 5 acres, and for all residential de-
velopments exceeding 10 acres which have or will have im-
pervious area of 60 percent or greater. In designing storage 
facilities, the volume of storage required is based on a 100-
year storm for any and all durations while the storage outlet 
design is based on a 3-year storm. 
3. The rational method is recommended for hydrologic studies. 
Fairfax County  
1. The County requires hydrologic and hydraulic studies for all 
developments, showing the flooding that will result when the 
100-year design storm passes through the proposed drainage 
system. 
2. Storage facility studies are done on a case-by-case basis 
when the County personnel feel there is a need. The volume 
of storage required is based on a 100-year design storm. The 
design of the storage outlet varies depending on the capacity 
of the drainage facilities downstream from the proposed de-
velopment. 
3. The rational method is recommended for hydrologic studies 
dealing with areas up to 200 acres. Anderson's formula is 
recommended for calculating runoff from larger areas. The 
Soil Conservation Service's Hydrograph Method has been used 
for the design of several detention storage facilities. In 
the near future the County will be using computer simulation 
for the design and evaluation of drainage facilities. 
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City of  Tampa  
1. Hydrologic and hydraulic studies are required for all develop-
ments. 
2. Storage facility studies are done on a case-by-case basis. 
The Public Works Department determines whether or not a de-
velopment will need such a study. Two types of storage fa-
cilities have been used in the City of Tampa: 
A. Basins with no outflow - volume of storage is based on a 
50-year storm of 24-hours duration; most of the water 
leaves these basins by infiltration with small amounts 
being evaporated. 
B. Basins with outlets - volume of storage required is based 
on a 25-year storm, under developed conditions, for all 
durations up to and including 24 hours. The storage dis-
charge design is based on a 25-year storm using prede-
veloped conditions. 
3. The rational method is recommended for all hydrologic studies. 
Following is a brief discussion of some of the requirements ex-
pressed in Section 8.0 of this ordinance. 
Four of the eight areas (the City of Tampa, DeKalb, Ingham, and 
Fairfax Counties) require hydrologic and hydraulic studies for all de-
velopments while the other areas only require them when the County or 
City personnel feel there is a need. In Cobb County, it has been found 
that hydrologic and hydraulic studies are necessary in order to deter-
mine whether or not a specific site will have drainage problems. For 
small developments these studies are usually uncomplicated and do not 
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demand much time or expense. From only a site survey and visual inspec-
tion it may be possible for an experienced drainage engineer to deter-
mine whether or not some sites will experience drainage problems or 
cause drainage problems for other areas. However, many of the areas 
studied had personnel reviewing the drainage plans who were recent en-
gineering graduates, long-term employees with little or no engineering 
education, or highly trained and educated persons in areas other than 
drainage (one county had an aeronautical engineer checking their drain-
age plans). Thus, in order to adequately assess the entire drainage 
situation for each development, a hydrologic and hydraulic study should 
be required. 
For the County, the question that comes out of this issue is 
whether or not the benefits justify the cost. In other words, is the 
problem great enough to justify an increase in the County budget to deal 
with it? Whether or not the County requires hydrologic and hydraulic 
studies for each development will depend on local conditions and pro-
blems but at least the County should consider the costs and benefits 
of requiring or not requiring such studies. 
In analyzing the drainage for a proposed development, the follow-
ing should be considered and are included in the proposed ordinance. 
1. A detailed evaluation should be made of the proposed on-site 
drainage facilities so that these facilities will not create 
drainage problems within the proposed development. 
2. An evaluation of the effects that the design flood will have 
on drainage facilities and land area upstream and downstream 
from a proposed development should be made. This is 
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necessary so that adjacent property owners and others within 
the drainage area will not be damaged from the increased run-
off caused by the proposed development. 
3. If the existing drainage system can safely accommodate, or be 
improved to accommodate, the increased runoff from the de-
velopment without causing damage to other property owners or 
exceed the limits of the flood plain district, then control 
over the increased runoff is not needed. In other words, the 
existing capacity of the drainage system should be used be-
fore storage facilities are required. This is consistent 
with the idea, expressed in an earlier section of this ordi-
nance, that a county or city can set the limits of the flood 
plain district to allow for the increased runoff from develop-
ing areas. 
4. If the limits of the flood plain district would be exceeded 
by increased runoff from a proposed development, for the 100-
year flood, some means must be provided to limit the 100-
year flood runoff peak from the development so the limits of 
the flood plain district will not be exceeded. This is usual-
ly done by using storage facilities with controlled outlets. 
5. If increased runoff from any design flood up to and includ-
ing the 100-year flood would create or worsen drainage pro-
blems, some facilities must be provided to correct this situ-
ation. This will protect adjacent property owners against 
increases in runoff. This does not mean that the engineer 
must check his design for all possible design floods (of 
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which there are an infinite number). Usually it is suf-
ficient to determine the results of say the 5, 25, and 100-
year floods, although the number of design floods used in 
evaluating a particular design will depend on one or more of 
the following: 
A. physical characteristics of the drainage area and drain-
age system downstream from the area being developed, 
B. economic considerations of possible damages from in-
creased runoff, 
C. political, and aesthetic considerations. 
DeKalb County requires a study and storage facilities for all de-
velopments that increase runoff by more than one cubic foot per second. 
All of the other areas studied require storage facility studies only on 
a case-by-case basis, when the County or City personnel feel it is neces-
sary. Not all developments need storage facilities and some guidelines 
should be established, and expressed in the ordinance, to determine when 
these facilities should be required. Section 8.0 of this ordinance sets 
some definite guidelines for this purpose. 
Hydrologic computer simulation would be an invaluable aid in 
evaluating the effects of a proposed development and aiding the County 
and private engineering consultants in preparing and evaluating the 
necessary engineering studies. Simulation would be especially helpful 
in designing and evaluating the effects of storage facilities and the 
interrelationships between several storage facilities. 
Before adopting this or any ordinance, a local community would 
want to thoroughly evaluate the economic implications of the above 
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actions. Economic studies should be done during the preliminary phases 
of formulating the drainage program so that they can be used to help de-
sign a better program rather than evaluating the consequences of actions 
already taken. These studies should consider the economic consequences 
to the County, to development interests, and to the private citizens. 
This subject of economic studies was not dealt with in depth as part of 
this study, and none of the areas studied had published results of any 
such studies. 
Section 9.0 - Improvements Requiited  
the A.equin.ed hydtotogic and hydnautic s tudies teveat that the 
ptopozed development wowed cause incneazed good ztagez zo as to incnecuse 
the good damagez to existing devetopmentz on ptopetty, on incneaze good 
aevationis beyond the vetticat timitz set dot the good ptain dattict, 
-then the devetopment permit zhati be denied un2e4 one of mote oti the 
.6ott.owing tequin.ement2s are met: 
9.1 On-Site Storage - PiLovide on-isite ztokage son the 
incteazed volume o ztotm water that nets wets itom 
the pupo6ed devetopment, and ptovide teteaze mecha-
nizm to timit the ztonm tuno6 6/Lam the storage 
6acitity to that which wowed have been expected 
4tom the development site under natun.at on p/Le- 
devetoped condition dot att dezign goods which 
have an adveue e66ect on existing drainage, up to 
and inctuding the 100-yeat good. Limit the 100- 
yeat goodnuno66 peak ptom the development zo that 
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the vekti.ca 	o4 the_ good peaill (146ttct 
ofte not exceeded. 
9.2 044-Site Ston_age - P/Lovide on contAibute rlo- 
poktionat finding {y on o44- ,site ztokage 4acilitie6 
that wat conttot torrir iLano44 60 that the tim-Lts 
o4 the good ptain di.6tiLict ane not exceeded and 
upstream and downystAeam piLopetty iz not damaged 
by incAea6ed 5tonm !tuno44. In oing o44-ite 
6tofLage, an engineening study mu 6t be done to 
how that pnopetty Zocated between the pfLopoed 
development and the 6totage 4acititie4 w4,tt not 
be damaged by inckea6ed nuno4. 
Commentary  
Section 9.1 and 9.2 - Storage Facilities. Of all the ordinances 
and literature that were studied during the course of investigation for 
this thesis, the following paragraphs embody many of the essential ele-
ments that should be considered before enacting regulations that require 
storage facilities. 
From a Statement by the Chicago's Blue  
Ribbon Sub-Committee on Flood Control  
It is not the intent of the Sub-Committee that numerous small 
puddles and ponds be constructed throughout the metropolitan 
area. Such scattered ponds may create a nuisance and possible 
health hazards and fail to provide flood protection if not ade-
quately maintained. Rather, the purpose is to encourage the 
development of well maintained landscaped lakes to act jointly 
as detention reservoirs and recreation facilities or aesthetic 
focal points in new village parks, either in incorporated or 
unincorporated developments, shopping centers, and industrial 
parks. Also, considerable storage of storm water can be pro-
vided at its source without undue nuisance if properly engi-
neered; for example, detention on flat roofs, parking lots, 
gutters, yards, underground storage, etc. 
From Fairfax County's Policy on  
Retention of Storm Waters  
It is the intent of this policy to encourage the use of various 
methods for the on-site retention of storm waters in the inter-
est of minimizing the adverse effects of increased storm water 
runoff, (resulting from development of land within the County), 
on downstream drainage ways such as stream valley parks and natu-
ral flood plains. 
Temporary on-site retention of storm water is desirable in many 
cases to alleviate existing downstream drainage problems when 
the drainage system is clearly inadequate and its expansion is 
either financially prohibitive or aesthetically unacceptable. 
The release rate from any temporary ponding area should approxi-
mate that of the area prior to the proposed developments for the 
design storm, but adequate alternate drainage must be provided 
to accommodate major storm flows. 
Retention pools or basins in parks, playing fields, parking lots 
or storage areas can be constructed to reduce peak runoffs down-
stream by providing temporary on-site storage. Care must be 
taken to see that such temporary ponds do not become nuisances 
or health hazards. 
From Design Criteria City of Tampa 
When it is found to be economically advisable to construct re-
tention basins for a drainage system, the design should make 
such facilities an asset instead of a liability to the com-
munity by: 
a) making them useful for recreation, parks and other public 
purposes, 
b) eliminate hazardous and unhealthy conditions normally as-
sociated with such facilities, 
c) permit maintenance with standard equipment and at minimal 
expense, 
d) be suitable for installation of landscaping and recreation 
facilities and public use. 
From Manual of Procedures for the Administration of the Sewer  
Permit Ordinance - Chicago Metropolitan Sanitary District  
It is recognized that in order to better serve the long-range 
interests of the local communities and the metropolitan area, 
comprehensive basin-wide planning for flood control should be 
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formulated, adopted and implemented. Comprehensive planning 
is far more beneficial than the proliferation of small, on-
site detention areas, although on-site detention areas do pro-
vide protection and are acceptable for the compliance with 
this ordinance. 
On-site retention and detention facilities have become very popu-
lar among County and City governments in the Atlanta Metropolitan Area. 
DeKalb County requires some storage facility on almost every development 
in the County. Many of the other metropolitan counties are following 
DeKalb's lead and are also requiring storage facilities for new develop-
ments. There are three major considerations that should be evaluated 
before storage facilities are required for all developments. 
1. Will the proliferation of small on-site storage areas create 
a massive maintenance problem for the county or city? This 
question of maintenance will be discussed further in Section 
13 of this chapter. 
2. What possible health hazards (mosquitos, rodents, trash, etc.) 
are associated with these facilities? Cobb County Health De-
partment has expressed some concern about this matter. None 
of the areas studied have had enough of these facilities in 
existence long enough to obtain any information concerning 
health hazards. 
3. Are there combinations of flood storages and storm patterns 
for which storage facilities will actually increase flood 
peaks? 
The first two of these considerations were addressed in the quo-
tations given earlier in this section. Thus many of the areas studied 
(Chicago, Tampa, Atlanta, Ingham and Fairfax Counties) have expressed 
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concern about using on-site storage facilities for all developments but 
have agreed that their use in some cases can he beneficial. Thus con-
sideration must be given so that maintenance and health hazards are not 
created which might be more detrimental to the community than are the 
problems being solved. 
The third consideration was investigated by Mr. Ormond C. White 
in a report entitled, "An Investigation of Downstream Effects of Limit-
ing Peak Outflow from Subwatershed Developments" (64). In this study, 
Mr. White demonstrated that regulation of outflow from many small sub-
watersheds causes reductions in stream channel peak flows but the effect 
diminishes as the flood moves downstream. Mr. White also found that 
while the peak of the flood hydrograph is diminished by the use of 
storage facilities, flows during the recession period are higher. Thus, 
it is conceivable these higher recession flows could coincide with flood 
flows from subwatersheds downstream, to cause greater flood peaks than 
would have occurred without the use of storage facilities. As Mr. White 
points out in his study, it is important to analysis the effects of all 
proposed development and flood control facilities for the entire water-
shed (or several watersheds) rather than just for the development site 
under consideration. 
On-site storage was included in the proposed model ordinance so 
that it can and will be used when it represents the best solution to a 
given drainage problem. Many of the areas studied have found that on-
site storage is a sound engineering and economical solution to some 
drainage problems. 
The City of Tampa has done some economic analysis of the use of 
105 
retention basins and their results show about a 20 percent savings by 
using retention basins rather than increasing the capacity of the sewer 
system to that which could handle the increased runoff. This analysis 
included the cost of the land since the City purchased the land, de-
signed, and paid for the construction of these facilities. The City 
will also maintain these retention facilities. It should be pointed 
out that the retention basins constructed in Tampa are located within 
areas of the City where the price of land is relatively low. 
Off-site storage was included to encourage the use of consolidated 
storage facilities while still protecting adjacent property owners. The 
County can play a major role in making this option attractive to develop-
ers by: 
1. Constructing the storage facilities and prorating the costs 
among the developers benefiting (this will be discussed fur-
ther in Section 10 of this Chapter - Cost of Drainage Improve-
ments). 
2. Encouraging developers to cooperate with each other and con-
struct common facilities that will benefit everyone concerned. 
Fairfax County's active participation in this area has re-
sulted in the development of several major facilities. 
9.3 Imoovement)s o6 Exizting Dtainage Sy6tem 	Improve, the 
exiting dAztinage 6g6tem, without cawsing damage to 
uot!Leam and down.stneam ptopeAty on incneaze good 
elevation's beyond the yeAticat 	/set lion the good 
ptain diztnict, to Jsa6ety accommodate the incneaed nun- 
6tom the pnopo)sed development. Cane count be 
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exozcised 	 th.s optioH so that the patuta.e. 
e.Hvi.fLoklme)lt of the exA"sting dttaiylage system is klot uh-
da0 haAmut. 
Commentary  
Section 9.3 - Improve Existing Drainage System.  Quoting from 
several of Fairfax County's policies concerning off-site drainage and 
use of flood plain areas: 
It is recognized that some improvements must be made within 
flood plains, streams and/or drainageways in such a manner 
that the increased runoff from changes or improvements with-
in the watershed may be accommodated without unacceptably 
elevating flood plain areas. This may take the form of 
stream bed clearing, removal of obstructions, reduction of 
constrictions, stabilization of stream bottoms and/or banks 
or areas to eliminate or reduce erosion, widening deepening 
or realigning of streams to provide the necessary hydraulic 
characteristics to accommodate the anticipated stormwater 
flow without damaging adjacent properties. These improve-
ments should include removal of silt and debris which may 
clog or damage downstream drainage structures or property, 
the filling or drainage of ponding areas and stagnant 
pools which are potential vermin shelters and mosquito 
breeding areas. 
In the interest of the health, safety and welfare of all, 
when the appropriate land use has been determined for any 
area to be developed, the County reserves the right to re-
quire the developer to show that off-site downstream drain-
age can be accommodated (considering the planned develop-
ment of the contribution watershed) without damage to exist-
ing facilities or properties before such development is ap-
proved for construction. 
Development within a watershed involving a change of land 
use therein, is normally associated with an increase in im-
pervious areas resulting in a greater quantity as well as 
a more rapid and frequent concentration of stormwater run-
off. The construction of storm drainage improvements will 
be required along waterways as watershed development 
progresses to alleviate flood damage and arrest deteriora-
tion of existing drainageways. The extent and character 
of such improvements shall be designed to provide for the 
adequate correction of deficiencies, and will extend down-
stream to a point where damages to existing properties 
ascribable to the additional run-off will be minimized. 
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The above policy statements from Fairfax County have recently 
been superseded by the County's new interest in detention storage. The 
above policies were interpreted by the County's personnel as requiring 
the installation of temporary storm water detention ponds only in areas 
where downstream storm drainage systems were not adequate to receive the 
increased run-off being generated by the upstream development, and defi-
nite planning was not available for improvement of the inadequate down-
stream drainage system. The County personnel have interpreted the new 
policies concerning storage facilities such that storm water retention-
detention facilities be evaluated for all storm drainage plans proposed 
for development in the County that are submitted for review and approval. 
Many of the persons interviewed in Fairfax County prefer the 
earlier statements where the existing capacity of the drainage system 
and flood plain district are utilized before storage facilities are re-
quired. Section 9.3 of this ordinance allows this capacity to be uti-
lized by improving the downstream drainage system, as long as no proper-
ty is damaged as a result. 
9.4 Hood Ptoogng - Financiatty compenzate the owneivs 
o6 exi/sting ptopetty which might be damaged by the 
inctea/sed /stonm tuno6 /so that ptopet good ptoo6- 
ing can be accompthed. Thi option i!s oniy aucult-
abte whence it can be /shown that good ptooiing 
prevent damage A.nating 6tom the inctecused 4toAm 
tuno6 and cal owneA,5 o.6 a“ected property ate in 
agreement. To eves 	that ubse_quent owneu o6 the 
ali tiected ptopetty ate made aware 	thi/s agreement, 
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the owners mut 	a /Letea'se .6/am att good 
damage's ne6utting because 	incitea'sed ,stowi 
Auno6 	tom the pnopo'sed development. A copy 
o{) th,bs netea6e mush be !LecoPtded with the deed 
to the oopeAty. 
Att pnopo ,sed imwtovement muot be appnoved by 
the County Engineeking Department 
Commentary  
Section 9.4 - Flood-proofing. In some instances (probably in 
rural or undeveloped areas) it might be that only a few existing struc-
tures would be affected by an increase in flood waters. If it is more 
economical to flood-proof these structures, and agreeable with all par-
ties concerned, than to control the increased run-off then this option 
should be utilized. 
There are several administrative procedures that could be used 
to handle the financial arrangements necessitated by Section 9.4. The 
existing downstream property owner could receive a lump sum payment from 
the owner of the property being developed. As an alternative to this, 
the owner of the developing property could establish an escrow account 
to cover the expected flood damages to the downstream property owner. 
The details of whatever administrative procedures are recommended by 
the County should be contained in the County's Flood and Erosion Con-
trol Manual. 
It should be remembered that using section 9.4 of this ordinance 
could result in flood waters exceeding the limits of the flood plain 
district. This would necessitate changing the limits of the flood 
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plain district. 
In summary, Section 9.0 of this ordinance allows more flexibility 
in determining what drainage improvements are required for a given de-
velopment than any of the ordinances studied. Tampa, Fairfax and Ingham 
County's ordinances were probably the most flexible of any of those 
studied. 
In the interviews with consulting engineers from all of the areas 
studied, the consensus of opinion was that the design engineer should be 
allowed to express his opinion as to whether or not on-site storage 
should be used to solve the drainage problems within a given development. 
They felt that a blanket rule of on-site storage for every development 
was not a good solution to drainage problems because some sites may not 
have suitable areas for storage facilities and another solution might 
be much better from an engineering, economic or aesthetic viewpoint. 
Thus each development should be evaluated on a case-by-case basis rather 
than trying to formulate overall solutions for every drainage situation. 
Section 9.0 of this ordinance gives the flexibility needed to ar-
rive at the best solution for each drainage problem and at the same time 
protects all of the property within a drainage area from damages due to 
increased storm runoff. 
Most of the drainage ordinances studied were written for urban 
areas where existing drainage problems had forced the City or County 
Governments into adopting the existing drainage ordinance. In many of 
these areas (especially Chicago) the options of improving existing drain-
age systems, limited flood-proofing, and off-site storage would be very 
expensive because of the vast amount of existing development which would 
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be affected. Thus on-site storage has become accepted as the best so-
lution to drainage problems in these areas, or at least as a means of 
controlling the increased runoff from proposed developments so that 
existing drainage problem will not become worse. 
In contrast, when rural or developing counties adopt a drainage 
ordinance all or some of the options listed are potentially feasible 
and each should be available and evaluated to obtain the optimum so- 
lution for a given drainage problem. Thus, this ordinance is applicable 
to both urban and developing areas. 
Hydrologic computer simulation would be valuable in providing 
quick and accurate analysis of proposed on-site and off-site drainage 
facilities. Interrelationships between existing and proposed facilities 
could be easily and quickly analyzed. In addition alternative designs 
(proposed by the County or consulting engineers) could be analyzed. 
Section 10.0 - Cot o6 Dkainage Impuvements  
The 6o1 owing nequitement4 wLU deteAmine the pAopoAtioning 06 
dtainage imptovement coists iLautting itom the ptopo4ed development. 
1. 16 ate the, ptopoised dkaiviage imptovement2s ate contained 
within and ate 6olety 6ot the bene6it o6 the proposed 
development, then the to tat cost 06 these .improvements 
wite be bonne by the devetopet 06 the propo s ed devetop-
ment. 
2. 16 ome 06 the proposed dtainage imptovemens ate not 
contained within the propos ed development but ate neca-
4itated by and acctue bene6itz /solely to the propos ed 
development then the total casts 06 the/se imptovement4 
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waq be bonne by the devaopol oA the p/topoed de-
velopment. 
3. (q(y - ite. dAainage imptovemento ane AequiAed az the 
neisutt oA more -than one development then the cost . oA 
these imp/Lovement witt be oopo/Ltioned among the de,- 
vetopeu beneWed. Computation pnoceduneis Aok pAo-
Aating the dAainage costs ake given in the County'z 
Hood Coat/La and E/Losion Manua.. 
4. IA a devetopeA wants to develop a poAtion ()A an area 
dAaining to a p/Lopned oAA-ite d/Lainage imoovement, 
begone this imp/Lovement hs constAucted, he may use 
eitheA oA the Aottowing optioHz: 
A. conztAuct the pAopo4ed 	dtainage imp/Love.- 
ment which witt serve the enti/Le area dtaining to 
thiz Ocitity, oA 
B. provide the 0.ndis {y on the conztkuction oA th-Ls 
dAainage Aacitity. 
This wiZt attow the devetope/L to proceed with the imp/Love-
ment3 oA hi4 land without damaging the pAopeAtiez oA otheu 
(amuming, i() option B o 4etected, the County conzttuctz 
the drainage 	begone imoovement4 are made). The 
County wilt endeavoA to cottect, on pro-rata ba4i,s, any 
excess 4unds pluz inteAezt expended by this devetopoL be-
yond hio p/Lopottionate 	oA the cot oA such imp/Love- 
ment's A/Lom c.ctune phopeAtiez within the watershed zeAved 
by 'such dtainage .improvements when such pAopentiez are 
deveZoped within a peAiod o6 ten yeas A/Lom the date that 
the dkanage i.mpnovement4 an.e P:nanced OA COWStAUCted. 
Thee 6unds p2a intyLe)st, 	cottected, wLU be tanned 
oven to the initiat devetopen on 11-6 coign6. 
5 16 the County chone4 to wvide dkainage 
the cast o.6 the6e 6acite6 witt be pkonated and a6- 
6e66ed a6 a development cost when and i6 development 
OCCUAZ on the a64ected .lands within a ten yeah peAiod. 
Commentary  
Section 10.0 - Cost of Drainage Improvements. Only Tampa and 
Fairfax County's ordinances dealt with cost of drainage improvements. 
Tampa assesses the developers for needed drainage facilities according 
to the amount of runoff resulting from their development calculated as 
a percentage of the total runoff. Fairfax County states that the amount 
of impervious area may be substituted for runoff quantities. Any number 
of different pro-rata systems could be used but the details of prorating 
the costs should be contained in the County's Flood and Erosion Control 
Manual while the general policies of cost distribution should be in-
cluded in the ordinance. 
The reasons that the cost of drainage improvements are included 
in this drainage ordinance are: 
1. This section states the policy of the County with respect 
to cost of drainage improvements. 
2. As discussed in other sections of this chapter, the use of 
retention facilities in some of the areas studied has re-
sulted in the proliferation of small ponds scattered around 
the County. This type of approach to flood control could 
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result in health and maintenance problems. Thus, in order 
not to infer that this ordinance encourages the use of 
numerous small facilities, this section establishes several 
specific ways that consolidated facilities can be funded by 
either initiation from private developers or under county 
direction. 
3. Some system should be used whereby those that are affected 
and accrue benefits from specific facilities should also be 
the ones to pay the cost of these facilities rather than 
having everyone in the area pay the costs. 
At the present time, Tampa's cost sharing system is voluntary but 
the city personnel report no major problems in obtaining funds from the 
developers. The developers contacted voiced approval of the system. 
Fairfax County has designated certain areas of the County where 
pro-rata cost sharing is required. The County personnel anticipate that 
pro-rata cost sharing will be required for the entire County in the near 
future. These personnel report no major problems in the administration 
of this program. 
Thus, the purpose and intent of this section is to require de-
velopers of land to pay their proportionate share of the cost of pro-
viding reasonable and necessary drainage facilities, located within and/ 
or outside the property limits of the land owned or controlled by the 
developers, but necessitated or required, at least in part, by the con-
struction or improvement of their development. 
Section 11.0 - Enosion and Sedimentation ContAot 
Pftopo4ed tempo/Laity and permanent ekoision and sediment contAot 
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ptarps Rate be 6ubmitted with each apptication on a devetopment penmit. 
Theise ptan 6hatt ,speciy in detail the enoion and zediment contnot 
mecoune's to be uzed during att. phcoa o cleaning, gnarling , hitting , 
conztAuction, and permanent development and accunatety dezeitibe thein 
ptopoised ()potation. In addition, thew ptanz anal t be in accoulance 
with the tatezt 4peci i icationo and necommendation6 as outtined in the 
County' Hood and Enoion ContAot Manua.. 
No cleaning, gnarling, excavating, i itting on othenwize diztuAbing 
natural tennain wilt be penmitted until approved County mm ion and 
zediment contnot meazunez have been inztaRed except thoise opettation6 
needed to inztatt thew meazunez. Att ekozion and zediment cont/tot 
mecouna !shalt be continuourty maintained duting the conistnuction phae 
o6 the development. 
These enoision and u_diment contnot meazunez zhdit apply to att 
6eatutez 	the comotnuction site, including street and utility inistal- 
tation4 as weft as to the pnotection o individuai tots. 
Commentary  
Section 11.0 - Erosion and Sediment Control. Except for Chicago 
all of the areas studied had some provisions for erosion and sediment 
control in their ordinances. These provisions ranged from Ingham 
County's statement that, "all disturbed soils shall be mulched, seeded 
and fertilized in a manner to prevent erosion," to a very elaborate 
erosion and sediment control program in Fairfax County. Fairfax's 
program included a detailed erosion and sedimentation ordinance and 
several accompanying publications including an Erosion-Siltation Control 
Handbook. 
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One of the major differences between Section 11 of this ordinance 
and some of the other ordinances studied (including Tampa, Fulton and 
Clayton Counties) is that the specific details of what erosion and sedi-
ment control measures should be used and the implementation of these 
measures are proposed to be contained in the County's Flood and Erosion 
Control Manual rather than in the ordinance. This is consistent with 
the emphasis in this thesis that the drainage ordinance should be a 
policy statement and not an engineering document. 
There are many different erosion and sediment control methods and 
facilities that could be used with new ones being continuously developed. 
Fairfax County states that it keeps its Erosion-Siltation Control Manual 
in a draft form, "because of the amount of experimental work being done 
in urban erosion and siltation control and the continued difficulty in 
setting specific quality standards." 
Specific controls can range from retaining natural vegetation to 
engineered siltation basins. Rather than trying to include a partial 
list of typical erosion and sediment control measures in the drainage 
ordinance, it would be better to adequately discuss the details and 
implementation of these measures in a separate document that could be 
continually updated. Then each development should be evaluated on a case-
by-case basis and methods used to most effectively control erosion and 
siltation from that area. 
Following is a brief discussion, based on the results of inter-
views in the areas studied, of the major proposals contained in Section 
11 of this ordinance: 
1. Temporary and permanent erosion and sediment control should 
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be an integral part of all developments. For small develop-
ments this might be simply placing hay bales around catch 
basins or retaining the natural vegetation to act as a filter 
and trap sediment from storm runoff. For large developments 
siltation basins, dikes, seeding programs, etc., might be re-
quired. The engineer and landscape architect should be en-
couraged to utilize those methods which will do the best job 
of controlling erosion and sediment from each development. 
2. It is important to install proposed erosion and sediment con-
trol measures before any construction operations begin. It 
has been the experience in Cobb County that many developers 
will wait for a slack period during construction to install 
these measures. In many instances this is after the area has 
been cleared and graded and allowed to erode for an extended 
period of time. 
3. Maintenance of erosion and sediment control measures is proba-
bly the most important aspect of any erosion and sediment 
control program and one of the most difficult to administer. 
Many of the control measures (basins, dikes, etc.) are de-
signed to be continually maintained, especially after heavy 
rains, to insure that they operate as designed. However, 
none of the areas studied had adequate, if any, personnel to 
continually inspect development sites. The inevitable result 
is that these facilities become inoperative and do not 
function to control erosion and sediment as they were de-
signed. This problem of maintenance will be discussed 
117 
further in Section 13 - Maintenance. 
Erosion and sediment control of street and utility installations 
is very important. In Cobb County, there have been several instances 
where developers have cleared and graded roadway areas and have then 
stopped construction operations for several weeks allowing these areas 
to erode. Although quantities of sediment were never measured, large 
amounts of sediment originating from this road construction were de-
posited downstream (1-2 miles) resulting in considerable damage to 
property and existing lakes. Thus, it is important to emphasize in the 
ordinance that erosion and sedimentation control is needed for these 
operations. Tampa, Clayton and Fairfax Counties included some regu-
lations for controlling erosion and sediment from street and/or utility 
installations. 
Section 12 - Gkading and Dnainage Plans Requined  
Gkading and dtainage ptans )shate be submitted with each appti-
cation OA a development peAmit. The Ae4utts o,6 ate hydutogic and 
hydnautic studies including the 100-yeah. Hood Contoult. Elevation must 
be cteaitty shown on att. site plans wheAe applicable. In addition, a 
)50-La invatigation nepoAt to evaluate po64ibte dtainage and utiPsion 
pnobtew may be nequined at the option o6 the County Engineen wheite he 
kets that unstable slopes OA others site conditions wattant such a 
study. 
A detailed discussion o6 in6onmation to be included in the above 




Section 12 - Grading and  Drainage Plans Required. All areas 
studied required drainage and/or grading plans for proposed developments. 
Some areas excluded very small lots (1/4 acre or less) from the require-
ment of having to submit a formal plan and only required a sketch of the 
proposed drainage. 
Tampa, Chicago, Fairfax and Ingham County's ordinances contained 
a large amount of detail pertaining to the scope and content of required 
plans. Following are some typical requirements contained in these ordi-
nances: 
1. required information to be shown on plans (e.g., contour 
intervals, channel profiles, utilities, street construction 
plans, drainage information), 
2. requirements pertaining to approval and coordination with 
other governmental agencies and private utilities, 
3. special requirements pertaining to drainage plans for small 
areas. 
This type of information should be contained and discussed in 
detail in the County's Flood and Erosion Control Manual and not in the 
ordinance. This will provide more opportunity for a complete discussion 
of the many details involved and also allow for updating of the re-
quirements without affecting the intent of the ordinance. 
Tampa, Chicago, Fairfax and DeKalb Counties all required that 
the flood plain area be shown on the drainage plans. This provides a 
good graphical representation of the interrelationships between the 
proposed development and the flood plain area. In some cases this also 
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informs a developer or purchaser of the relationship between the property 
he Is developing or purchasing and the location of the flood plain. 
Only Tampa and Fairfax County required submittal of soil studies. 
Soil studies are probably not necessary for every development but could 
play an important part in evaluating certain drainage and erosion 
problems. Thus the County Engineer should have the option of requesting 
these studies and for public information the ordinance should contain 
some mention that such studies might be required. Many of the areas 
studied were covered by U.S. Soil Conservation Services Soil Survey 
studies which could be used in evaluation of drainage problems. 
Section 13.0 - Maintenance. 
Any pottion o4 the dtainage system, including on-,site and o4{-
site storage cc.cit4tiez, that Ls constructed by the devetopet witT be 
continuous ly maintained by the owners on ownvto subsequent tintitle o4 
the a44ected Lando unless Lt is 44iciatty accepted by the County Engi-
nem {i on County maintenance. In addition, where debtiis on sediment has 
accumulated in s uch a manners as to intetIcete with the 6tee glow o4 waters 
04 adequate 6unctioning o4 drainage 6acieitie)s, the County Engineen 6hatt 
tequite the owners o4 s uch ptopettie4 to cleat and remove the debt i,5 on 
ob,sttucton to permit the drainage system to .6unction e“iciently. 
katet notice and reasonable diligent e44ottis to have the owners o4 
the ptopetty temove the debtiz on obstruction, the County Engineet ,is 
heteby authotized to eaten upon such dtainageway's and cleat on remove 
the debt4.s on ofmtnuctionz. The cot theteo4ilcc,e.t be changed to the 
owners o6 the ptopetty where said deb's and/on ohttuction was genet-
awed. The County shall not change such costs to the owneu where the 
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debris on obst/tactilun R14:tkin the dtainageway was not generated {nom his 
own p/Lopetty on cawed by the ownet's negZigence on action. 
16 it cannot be detekmined 6tom what p/topetty the debntis on 
obstkuction was gene'tated, on i6 the debnto on obstkuction was not ccwoed 
by anyone's negligence ok action, then the County wilt atkange bon its 
kemovat. 
Commentary  
Section 13.0 - Maintenance. The DeKalb County Drainage Engineer 
reports, and this sentiment was echoed in all of the areas studied, that 
the one major problem plaguing the Drainage Department, both in the 
application of the drainage ordinance and in the entire drainage program, 
is the problem of maintaining the drainage system. 
In the areas studies, this problem of maintenance is handled in 
two different ways: 
1. In Chicago, Ingham and Fairfax Counties, the County, Metro-
politan Sanitary District, or local communities maintain the 
entire drainage system except for some large developments 
where the developer has agreed to maintain the system within 
these areas. 
2. In Tampa and the Atlanta Metropolitan Area, the cities or 
counties only maintain those portions of the drainage system 
that are within the municipalities right-of-way and those 
areas specifically accepted for county or city maintenance. 
The maintenance of the drainage system that is located on 
private property is delegated to the owners of the affected 
land. 
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Following are some problems which have been encountered with both 
of these approaches to maintenance of the drainage system: 
1. In Chicago, Ingham and Fairfax Counties, the major problem 
is obtaining enough money and personnel to do an adequate 
job of maintenance. 
2. In Tampa and the Atlanta Metropolitan Area it has proven very 
difficult and unpopular to get the owners of private land to 
adequately maintain the drainage system. In many cases the 
municipality has unofficially accepted the maintenance of 
portions of the system. Many of the persons interviewed in 
the Atlanta Metropolitan Area felt that in the near future 
the counties and cities would be accepting the maintenance 
responsibility of the entire drainage system. 
3. Where the municipalities have accepted the maintenance re-
sponsibility for the drainage system, the construction of 
consolidated storage facilities is encouraged for ease of 
maintenance, among other reasons. In the Atlanta Metro-
politan Area the majority of the storage facilities con-
structed have been small on-site facilities. This pro-
liferation of small facilities will be difficult to maintain 
if and when the counties or cities accept the maintenance 
responsibility. 
4. Of all the areas studied, only Ingham County had a systematic 
system of preventive maintenance of the drainage system. 
Most of the maintenance done in the other areas was done in 
response to specific complaints or for the alleviation of 
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known drainage problems. In most cases these areas did 
not have the personnel necessary to provide a system of 
preventive maintenance. 
It is readily apparent that if a drainage system is not adequate-
ly maintained, it will not function as designed and the overall effective-
ness of the system will be decreased. The persons interviewed in the 
Atlanta Metropolitan Area felt it is extremely difficult to administer 
a maintenance program that is dependent on private individuals to pro-
vide most of the maintenance. It has been their experience that when 
the maintenance responsibility is left up to private owners, little or 
no maintenance of the drainage system is done. Many of these people 
felt the County should accept the responsibility of maintaining the 
system to ensure , that the drainage system will function adequately to 
protect the citizens from possible flood damages caused by obstructions 
in the system. It was also felt that if the County accepted the mainte-
nance responsibility, then the entire drainage system would receive some 
maintenance. If the County accepts the maintenance of the drainage 
system then Section 13.0 of this ordinance would not be needed. This 
section was included for use in the Atlanta Metropolitan Area or other 
areas where the maintenance of the system is delegated to the property 
owners. 
Section 13.0 of this ordinance was modeled after a similar section 
in DeKalb and Fulton County*s ordinance. Following is a brief discussion 
of some of the provisions included in this section: 
1. The first part of Section 13 states that the maintenance 
responsibility for that portion of the drainage system 
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contained on private property will be maintained by the 
owner of the affected property. As discussed above, this 
is the policy in Tampa and the Atlanta Metropolitan Area. 
It might add incentive for maintenance to make a property 
owner specifically liable for all damages inflicted on 
others because of his lack of maintenance. The legal impli-
cations of such an action would have to be investigated for 
each community. In addition, such an action could result in 
the following problems: 
a. Many times after a storm it is difficult to determine 
where debris or sediment originated. It would be even 
more difficult to determine whether lack of maintenance 
caused the debris and sediment to leave one person's 
property and damage anthers. 
b. A small amount of debris from one property might not 
cause serious problems during a storm, but the accumu-
lated effects of lack of maintenance by many property 
owners could cause significant damages. It would be 
difficult to appropriate these damages among all those 
responsible. 
c. It is often politically unpopular for the County to 
force property owners to pay for related flood damages, 
even if their lack of maintenance cause them. Many 
people feel that maintenance of drainageways is a County 
responsibility no matter what the ordinance states. 
d. The possibility of legal actions necessary to enforce 
124 
such a policy could be politically unpopular. 
2. Because of the difficulty in getting individual property 
owners to adequately maintain their portion of the drainage 
system, it has been found in the Tampa and Atlanta area that 
at times it is necessary for the County's personnel to enter 
upon private lands to clear or remove debris or obstructions 
to insure the adequate functioning of the drainage system. 
Thus, provisions have been stated in Section 13 to allow 
personnel from the local County to perform this work and 
charge the cost to the owner of the property where said debris 
and/or obstruction was generated. 
3. As contained in DeKalb County's ordinance the last part of 
Section 13 states that no one will be responsible for the 
removal of debris or obstructions not generated from his 
property or caused by his own negligence or action. In ad-
dition, when the source of debris or obstruction cannot be 
adequately determined, then the County should assume the 
responsibility for its removal. At no time should a property 
owner suffer damages as the result of the actions of others 
or from areas over which he has no control. Essentially this 
is the policy that Fulton and DeKalb County have followed. 
Section 14.0 - Subdivizion Ptat)s  
Pnopo4ed tentative and gnat 4ubdivizion ptatz .located contiguom 
to Ok within the good ptain datAict ishatt not be approved except in 
accord with the Ottowing nequinement4: 
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14.1 100-Yeat Hood Contoun Elevation. - Each Oat zhate contain 
a notation cleanly stating the 100-Vein Hood Contout 
Elevations as approved and accepted by -the. County Engineek. 
Thiz elevation zhatt be designated on the ptat by a heavy 
contout tine. 
14.2 Minimum Lot Area - No tot shatt be apptoved which has less 
than 	 petcent o6 the minimum tot atea az eztabtizhed 
by the appticabte zoning dizttict tegutationz above the 
level 06 the 100 - Vein Flood Contact/L. Elevation. 
14.3 Dtainage Easement - Whete a ptopozed zubdiviz ion iz tnanz- 
venzed by a watetcounise, dtainageway, canal on ztuam, 
appicopftiate dedication on itab-te eazement ptovizionz 
skate be made to accommodate stoitm water and drainage 
through and 6tom the proposed subdiviion. Said dedication 
on easement shatt con6oAm .substantially with the tinez 06 
said watetcoutze and be 06 4u66icient width on conzttuction, 
on both, as to be adequate 60n the puitpoze inctuding accesz 
don maintenance. The zpeci tiic detaitz pettaining to the 
size and extent od dedicationz on easements ate contained 
in the County's Hood and Enozion Contnot Manual. 
Commentary  
Section 14.0 - Subdivision Plats. Although the details and regu-
lations pertaining to subdividing lands are usually covered in sub-
division regulations, the requirements contained in Section 14.0 of 
this ordinance have direct interrelationships with the other sections 
of this ordinance, and clarify and strengthen the means of administering 
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the ordinance. 
Section 14.1 - 100-Year Flood Contour Elevation. The subdivision 
plat is a map of a subdivision that becomes a part of public records of 
land division. Plats are filed as part of deeds in the County Registry 
of Deeds, in most states. Thus for public information, for both the 
initial purchaser of a lot and all subsequent purchasers, it is important 
to show how the 100-Year Flood Contour Elevation is related to each lot. 
This requirement is consistent with Fulton and DeKalb County's regu-
lations. 
Section 14.2 - Minimum Lot Area. Each lot approved should have 
a suitable building site above the 100-Year Flood Contour Elevation. 
Chicago's ordinance states that a "building site" must be provided. 
This seems somewhat arbitrary and some guidelines should be established. 
By establishing a percentage of the minimum lot area for each residential 
zoning classification, (a different percentage could be selected for 
each classification) some flexibility is allowed in establishing a suita-
ble building site for each classification. This regulation is similar 
to Fulton and DeKalb's regulation where 50 and 70 percent respectively 
of the minimum lot area is used. Air rights or the use of areas over 
the flood plain district but above the 100-Year Flood Contour Elevation 
could be used to satisfy the requirements of this section. 
Section 14.3 - Drainage Easement. In order to allow for adequate 
drainage and maintenance of the drainage system within a subdivision, 
it is important to designate those areas which will act as drainageways. 
By designation of these areas on the subdivision plats, purchasers of 
lots will be informed of the relationships between the drainage through 
and from the subdivision and their lot. This regulation is consistent 
with most of the ordinances studied. 
Section 15.0 Bonding  
The Bonding tequitementz .6o/t zubdivizion and Aite ptanz zhatt 
inctude a catch ezuLow guarantee which wooed azzme the County that 
emergency good and eko4ion cont,tot meazunez cowed be taken by the 
County at the developeez expense 	he did not initiate ouch action 
within Ouch peitLod az determined by the County Engineet. The amount 
zuch bond wilt be detetmined by the County Engineer and wilt be had 
by the County untie att dkainage and euzion conttot meazunez have been 
accepted by the County. 
Commentary  
Section 15.0 - Bonding. This section of the ordinance assures 
the County that funds will be available to initiate emergency flood and 
erosion control measures. It was reported in several of the areas 
studied that situations have occurred where a developer will clear and 
grade a site and then, for financial or various other reasons, let it 
lie idle for an extended period of time. In cases like this, the County 
should have the financial means to install necessary control measures to 
protect other property in the area. This bonding requirement also gives 
the County some leverage to force a reluctant developer to install the 
flood and erosion control measures as approved, without going through 
long and costly legal action. Section 15.0 of this ordinance is con-




Section 16.0 - Repeat oA Congicting Oulinances  
The 4ottowing ondinances on pantz theneo li ate hereby nepeated: 
Commentary  
Section 16.0 - Repeal of Conflicting Ordinances. This proposed 
ordinance is designed to complement and supplement, rather than conflict 
and overlap with existing regulations. It is also suggested that the 
most restrictive regulations should prevail. However, if it is neces-
sary to repeal earlier ordinances, it is recommended not to use a general 
repeal. Instead, the parts or sections that are in conflict with this 
ordinance should be specified in Section 16.0 after careful study by the 
attorney representing the local government and the County Engineer. 
Section 17.0 - Viotation and Penatty  
Any peAson, 4iAM, OA corpora-lion viotating any oA the pnovisions 
o4 this ondinance zhatt be deemed guitty o6 an obiense and upon con-
viction theteo4 zhatt be punished as pnovided by (cite Local taw). Each 
day's continuance o4 a viotation zhatt be conzidened a separate oAienze. 
The owner o6 any tan& on pantz theneoli, whe'te anything in viotation ,a4 
this ondinance zhatt be placed on shalt exist, and any penzon who may 
have assisted in the commission of any such vi.otation, zhatt be guitty 
o.4 a separate o44ense. 
In any case in which any Land ,ins OA i4 proposed to be used in 
viotation o6 thiis ordinance on adopted amendment, the Legal counsel o4 
the County may, in addition to othek temedies pnovided by taw, institute 
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,injunction, abatement or any appkoptuLate action on actionz to oevent, 
enjoin, or abate unta4u.e use. In addition, upon a iinding by the 
County Engineer that any ptovizion o4 thi4 ordinance ha4 been viaated, 
ate development and bui.eding penmitz will be zuzpended until the vio-
tation has been connected to the zatiz6action o6 the County Engineet. 
Commentary  
Section 17.0 - Violation and Penalty. A very effective means of 
forcing developers to correct violations is the suspension of develop-
ment and building permits. This usually does not involve the legal 
problems associated with prosecuting an offender. Especially in erosion 
and sedimentation problems, it is necessary to quickly rectify violations 
to prevent the damages that might occur during a long legal conflict. 
Section 18.0 - Appeals  
In ease o6 dizzatiz4action with an act on detekmination in the 
exeAci,se o4 the authority granted hetein to the County Depattmentz 
changed with the administAation o4 th4.10 ordinance, any penzon, kam on 
corporation is hate have the tight to appeal to (name o4 authorized boa/Lc(  
which handtez appeatz).  
Section 19.0 - EA4ective Date  
Thiz ordinance shall be £n 4utt donee and ek6ect prom and Wen 
itz pazzage, apptovat, and pubacation az provided by taw. 
CHAPTER V 
FORMULATING A DRAINAGE PROGRAM 
Following is a brief discussion concerning several important 
aspects of any drainage program which have not been covered thus far. 
Flexibility in a Drainage Program  
One of the primary objectives interwoven throughout the previous 
four chapters is the premise that a drainage program should contain 
enough flexibility to allow the use of the best engineered solutions for 
given drainage problems. This type of approach introduces several 
problems which deserve some mention. 
Administration of the Ordinance 
As written, the ordinance in Chapter IV encourages the engineer 
to evaluate each drainage problem and try to devise an optimum solution 
for that problem. Also, the county retains flexibility in designating 
the limits of the flood plain district. Thus it is possible that dif-
ferent restrictions would be applied to different areas of the county. 
This will introduce several problems in administering the ordinance. 
1. The county will have to hire sufficient qualified personnel 
to evaluate each development on a case-by-case basis. 
2. In addition to studying the drainage within a development, 
the drainage interrelationships between all the developments 




3. The county will need to develop the technical aids necessary 
to do the above evaluations. 
4. The county should consider taking an active role in the de- 
sign, operation, and maintenance of the drainage system. 
All of the drainage programs studied, except some from the Atlanta 
Metropolitan Area, have "flexible" drainage ordinances as proposed in 
this thesis. These areas also have the resources and manpower necessary 
to evaluate all proposed developments. In the Atlanta Metropolitan Area 
the trend has been to write ordinances which are very specific and re-
quire all developments to use storage facilities to control drainage 
problems. Such ordinances might be considered "rigid" ordinances. It 
is easier to administer "rigid" ordinances because a standard set of 
rules can be developed and applied to all developments. This also al-
lows the county to hire fewer personnel with less training to administer 
the drainage program than would be required to administer a "flexible" 
ordinance. 
The major disadvantage of a "rigid" ordinance is that it tends to 
result in too much conformity in engineering designs. Each design 
problem involves certain aspects that are unique to a particular situ-
ation. It is difficult to take into account all of these unique aspects 
in formulating general engineering rules and criteria. In addition, de-
sign methods and procedures change with time while many of the pro-
visions of the ordinances studied did not. 
In many of the interviews conducted, questions were asked con-
cerning the basis used for including different design and engineering 
criteria in drainage ordinances. The usual response was that these 
132 
criteria were adopted many years ago and had been accepted through the 
years by their continual use. Engineering criteria included in ordi-
nances can take on the nature of being accepted by the fact that they 
are included in the ordinance or because they have been used for such a 
long time. Thus, adopting a "rigid" ordinance for administrative ease 
has advantages and disadvantages which should be thoroughly considered. 
It can be concluded from this discussion that one of the initial 
steps in formulating a drainage program is to evaluate thoroughly the 
general policies and objectives to be sought by a drainage program, and 
specifically concerning this discussion, should a "flexible" or "rigid" 
ordinance be adopted. Certainly an evaluation of existing drainage 
problems, anticipated problems, and the economics involved in adopting 
a "flexible" or "rigid" approach to their solution would be important 
parts of any such evaluations. 
It should also be remembered that adopting an ordinance without 
the resources necessary to enforce it can result in a serious erosion 
of the public's confidence in the county's ability to deal with drainage 
problems. This can greatly restrict the county's ability to obtain 
funds and personnel, which are subject to community and/or political 
approval. 
In summary, approaching a drainage problem with a standard so-
lution cannot be the basis of an effective drainage program. This 
opinion was shared by most of the personnel interviewed in all of the 
areas studied. These same people felt it was essential to have suf-
ficient qualified personnel, both in the government entity reviewing 
proposed developments and in the private sector designing these 
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developments, in order to adequately assess all drainage problems. Al-
though this does complicate the administration of the drainage program, 
many of the areas studied are continually moving away from standard 
solutions and incorporating more and more flexibility in their drainage 
programs. 
It should be remembered that much of the ingenuity and imagination 
that could be used to solve drainage problems can be stifled by "in-
flexible" or "rigid" drainage ordinances. 
County's Role in Encouraging Innovative Drainage Solutions  
The author has concluded, based on his experience in Cobb County 
and as a result of this study, that the private engineering sector has 
not been particularly innovative in finding solutions to drainage 
problems. It seems the primary interest of the engineer, most likely 
spurred by pressure from developers, is to get development plans ap-
proved by the county so proposed construction can proceed. Many of the 
engineers interviewed stated that rigid county rules and regulations 
which must be followed in order to get plans approved discourage in-
novation. The engineers know it is much easier to get county approval 
for standard than for new or untried designs. As a result, if inno-
vative and imaginative designs are going to be applied to drainage 
problems, it will be up to the county to take the lead and provide the 
climate necessary to encourage such designs. 
In order for the county to accomplish the above, it will have to 
hire qualified personnel who can use their knowledge and expertise to 
propose, encourage, and efficiently review new and different approaches 
to drainage problems. The Chicago Sanitary District provides probably 
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the best example of the areas studied. They have employed a well quali-
fied staff and have taken a leading role in much of the drainage work in 
their area (including development of a computer simulation model, model 
ordinance, and other technical aids). Many times those people who ap-
propriate funds disagree with the need to hire sufficient qualified 
personnel and thus limit the affectiveness of a drainage program. 
Technical Requirements  
The adequate administration of the ordinance proposed in this 
thesis requires that the county have the technical aids necessary to 
adequately assess the effects of proposed developments. 
The development and application of some computer simulation model, 
if not essential, would be extremely helpful in administering a compre-
hensive drainage program (the benefits to be gained from such a model 
were discussed in Chapter II of this thesis). Thus the proposed ordi-
nance was written assuming that some computer simulation model would be 
used by the county in administering it. The ordinance could be adopted 
and implemented without the aid of computer simulation, but many sections 
of the ordinance dealing with the combined effects of several develop-
ments and changes in the limits of the flood plain district would be 
difficult to administer. 
Field Inspection  
Although it is relatively easy and inexpensive for a county to 
adopt a drainage ordinance as proposed in this thesis, it becomes much 
more difficult and expensive to administer the ordinance. Not only 
should the county anticipate the need to hire qualified office personnel 
to administer the ordinance but sufficient qualified field personnel 
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will be needed. 
It was universally voiced in all of the areas studied that field 
inspection was one of the major problems in their drainage program. 
Both the quantity and quality of inspectors was far below what these 
personnel felt would be adequate to do a good job of implementing their 
drainage program. Adequate field inspection is especially essential in 
the area of erosion and sediment control. Unlike drainage, where final 
inspection can determine if the proper facilities have been installed, 
effective erosion and sediment control demands inspections of the con-
struction site and continuous maintenance. Sediment ponds fill up, hay 
bale barriers get destroyed or moved, berms and other erosion and sedi- 
ment control facilities get damaged or for some reason do not operate as 
designed. It has been the author's experience, which was verified in 
the areas studied, that unless construction sites are adequately in-
spected, needed repairs and maintenance to erosion and sediment control 
facilities are not done and these facilities quickly become ineffective. 
In order to decrease some of the required inspection, some areas 
have been successful in using a system of spot checking construction 
sites with heavy fines for violating erosion and sediment control regu-
lations (the City of Macon, Georgia has used such a system). None of 
the areas studied have used such a system nor have they strictly en-
forced their erosion and sediment control regulations. 
Random sampling with stiff fines could encourage self maintenance 
by owners, require fewer inspections, and raise funds for the drainage 
program. Thus, in lieu of hiring a large staff of inspectors, some form 
of random sampling combined with fines, as provided by law, could prove 
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effective in enforcing a drainage ordinance. Personnel and resources 
available plus local political and economic conditions will determine, 
to a large extent, what administrative procedures are used in imple-
menting the ordinance. Each community should adopt procedures which 
grove to be most effective for their particular conditions and circum-
stances. 
Before any ordinance is adopted, the financial responsibility of 
providing adequate field inspection should be assessed and provided for. 
Setting drainage, erosion and sediment facilities designed and on the 
plans is an important part of the drainage program, but getting them 
constructed, operating, and maintained has proved to be much more dif-
ficult. 
Planning Aspects of Proposed Urban Drainage Ordinance  
The proposed drainage ordinance has several land use planning 
aspects that deserve mention. One question that should be discussed is, 
"Where should the proposed ordinance be applied in the planning process?" 
Should the ordinance be applied during the initial planning stages or 
not until specific development proposals are reviewed? The answer is, 
"The ordinance should be applied at several stages in the planning 
process." 
The proposed ordinance states specific objectives related to a 
county's drainage program. These objectives should be incorporated in 
the county's overall planning program. The ordinance states specific 
land use policies (areas included in flood plain, uses in flood plains, 
special permits) which should be included in all land use planning ef-
forts. Provisions of the proposed ordinance have specific consequences 
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with regard to the zoning process (improvements required, nonconforming 
uses, hydrologic and hydraulic studies, and those provisions related to 
land uses). These provisions should be taken into account when pre-
paring zoning districts and when ruling on zoning changes and variances. 
Thus, the proposed ordinance should be initially applied when 
formulating objectives and continue throughout the implementation of 
specific ordinances and plans. 
In addition, the proposed ordinance, combined with computer simu-
lation, will provide the means necessary to anticipate and plan for the 
consequences of specific actions. The proposed ordinance specifically 
requires the evaluation of drainage effects on-site, upstream, and down-
stream from a proposed development. By evaluating drainage consequences 
of different development and land use patterns, planners will be able to 
recommend specific land use and policy decisions relating to existing 
and future developments. 
Legal Considerations  
Before any county adopts a drainage ordinance, the county's legal 
staff should review the ordinance to ensure that it does not conflict 
with local or state laws. As part of the review process that this thesis 
received, Mr. Steve M. Bull of the legal staff of Black, Crow and 
Eidsness, Inc., Engineers, reviewed and commented on the proposed model 
urban drainage ordinance in Chapter IV. This review resulted in several 
wording changes throughout the ordinance, to clarify certain terms and 
concepts. Also, Section 2.0 - Definitions - was added for additional 
clarification. 
The major concern expressed by Mr. Bull was that counties would 
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be reluctant to accept the liabilities and responsibilities associated 
with adopting the proposed model ordinance. As discussed in several 
previous sections of this thesis, this is a major concern which should 
be thoroughly evaluated before a county adopts any drainage ordinance. 
Other than the above comments, Mr. Bull found no other legal 
problems associated with the proposed model urban drainage ordinance. 
CHAPTER VI 
CONCLUSIONS AND RECOMMENDATIONS 
As discussed in the introduction, there are four goals for this 
study. A concluding discussion on the fulfillment of these goals fol-
lows. 
Development of a Drainage Ordinance  
The first goal was to develop a drainage ordinance based on the 
experience of the personnel within the areas studied, existing ordi-
nances, author's personal experience, and current literature concerning 
urban drainage ordinances. Such a drainage ordinance was developed and 
is presented, in detail, in Chapter IV. 
Several problems were encountered during the development of this 
proposed ordinance. At first, it was anticipated that specific pro-
visions of the different ordinances studied could be evaluated by re-
lating them to specific "hard data" (e.g., flood damages, maintenance 
records, drainage complaints). It was quickly realized these data were 
either unavailable or in a form which did not allow comparisons between 
areas. This lack of data hampered any comparison of drainage problems 
before and after adoption of an ordinance. In the areas studied where 
a drainage ordinance has been in effect for several years, periodic 
changes in the provisions of these ordinances have taken place with 




Thus, the major problems encountered were associated with the 
lack of hard data. As a result, personal opinions, broad interpretations 
of available documentation, general reactions of persons interviewed, 
inferred objectives and information were used to evaluate ordinance ade-
quacy and effectiveness. In order to remove as much ambiguity and mis-
interpretation as possible, the above information was compiled into case 
studies which were then reviewed by several persons from each area, to 
validate the accuracy of the material. A review of the references given 
at the end of each case study in the Appendixes shows that a large and 
diverse number of people had input. As a result, these studies provide 
a good data base for documenting the proposed ordinance. 
Thus, the first goal of this study was fulfilled and a model 
urban drainage ordinance was developed. The adequacy and effectiveness 
of this proposed ordinance will only be known when a county or city 
adopts it and assesses the results obtained. 
Use of Technical Information  
The second goal was to investigate the use of technical infor-
mation in drainage and erosion control ordinances. In reviewing the 
ordinances from the study areas, it was found that many of them contain 
a considerable amount of technical information (e.g., hydrologic pro-
cedures, engineering standards, technical specifications). During the 
interviews, questions were asked relating to why some particular item 
of technical information was included and how often it was updated. It 
was found in most cases the reasons or basis for including the infor-
mation was not known and little or no updating had been done. In many 
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cases technical information was accepted as being correct because of its 
inclusion in the ordinance and its use through the years. 
In developing an erosion and sediment control program in Fairfax 
County, a manual was prepared which contained technical information per-
taining to the administration of this program. The personnel in the 
County felt this was the best approach to keeping the technical infor-
mation relevant and up-to-date without continually drafting new ordi-
nances. 
It is concluded that separating the technical information from 
the ordinance is advisable. This information should be contained in a 
separate document or documents. Thus, the second goal of this study was 
fulfilled by suggesting the inclusions of a Flood and Erosion Control 
Manual as a companion document to the proposed model urban drainage ordi-
nance. 
Computer Simulation Study  
The third goal was to document the use of computer simulation in 
the DeKalb County Drainage Project and relate this work to the proposed 
drainage ordinance. The adequate administration of a drainage ordinance, 
as presented in this study, depends on advanced engineering techniques. 
Hydrologic computer simulation is such a technique and its application 
in DeKalb County relates directly to many of the provisions of the pro-
posed drainage ordinance. The documentation of the computer simulation 
study in DeKalb County brought out some of the basic concepts involved 
in simulation and how they can be applied in administering a drainage 
program. 
Hydrologic computer simulation can provide quick and accurate 
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evaluations of many drainage alternatives, evaluation of upstream and 
downstream effects of a proposed development, evaluation of complex ar-
rangements of drainage structures, and evaluation of the water balance 
throughout a watershed or several watersheds. Thus, many of the pro-
visions of the proposed urban drainage ordinance relating to the hydro-
logic and hydraulic effects of a proposed development would be easier to 
administer with the aid of hydrologic computer simulation. 
Since the DeKalb Study will not be completed and the computer 
model operational until after this study on urban drainage ordinances is 
completed, it is not possible to document the application of the model 
by DeKalb County. Many questions such as operational costs, acceptabili-
ty of the model results by County personnel, private developers and 
engineers, problems County personnel have in using the computer model, 
etc., cannot be answered until the model has been in operation for some 
time. 
However, in Ingham County, Michigan, where a similar simulation 
study was done, the County is making routine use of the computer model 
to deal with these kinds of problems. 
Objectives and Problems of Urban Drainage Programs  
The fourth goal was to discuss the objectives and problems of 
urban drainage programs. This goal was the least fulfilled of the study 
goals because of the lack of available information concerning the ob-
jectives and problems associated with the urban drainage programs 
studied. Many of the areas studied have only recently adopted a drain-
age ordinance. Thus, it is too soon to evaluate many of the problems 
involved in administering it. The information that was obtained 
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concerning objectives and problems associated with the drainage programs 
studied, was used to document several of the provisions of the proposed 
ordinance and the discussions included in the first part of Chapter 
and Chapter V. 
In summary, this study of experiences, ordinances, and procedures 
of several urban drainage programs has provided a good base for proposing 
an effective urban drainage ordinance that can be adopted by both urban 
and urbanizing areas. 
Recommendations  
In drafting a model drainage ordinance it is difficult to take 
into account all the different local conditions. As an example, con-
sideration should be given as to how much one can regulate flood plain 
land use before regulations begin to unduly limit the economic welfare 
of the county. The proposed ordinance might be too restrictive in an 
area like Galveston, Texas, where flood plains are very large, though 
it might be quite appropriate for Atlanta, Georgia, where flood plains 
are far apart and quite small. Thus it is recommended that before the 
proposed ordinance is adopted, each of the nineteen provisions outlined 
in Chapter IV be evaluated in terms of local conditions. 
Several provisions of the proposed ordinance (statement of ob-
jectives, flood plain district uses, and special permits) contain lists 
of typical items that might be included within such a provision. It is 
not intended that all the items listed should be included in a local 
ordinance or that other items would not be appropriate. The list is 
given as a guide for a community to use in determining what items they 
will include. As an example, the proposed ordinance lists eighteen 
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objectives in Section 3.0. Some communities may prefer to limit the ob-
jectives to a few specific ones that pertain to local conditions while 
others might prefer a broader program. Local needs and political factors 
will greatly affect these kind of decisions. 
Should the 100-year flood be used as the basis for all flood and 
drainage ordinances throughout the United States or would it be better 
to determine by economic analysis which design flood would be appropri-
ate for a given community? 
Because of recent rules and regulations established by the United 
States Federal Government, as part of their flood insurance program, the 
100-year flood is being accepted as the basis for all flood and drainage 
ordinances. In line with this, the 100-year flood was used as the basis 
for the proposed ordinance. This is an area where more research and 
study is needed. In contrast to using a standard design flood for all 
areas, if an economic analysis approach, based on associated costs and 
benefits, were used it would then be possible for different communities 
to use different design floods as the basis for flood plain delineation. 
Thus local conditions would determine what design flood should be used. 
This might complicate the administration of the drainage program,es-
pecially the interrelationships between different programs in the same 
geographical area, but conformity also has its disadvantages. Further 
research in this area is needed before the 100-year flood becomes so 
standardized that it will be almost impossible to change. 
Lastly, if a community plans to evaluate the effects of their 
drainage program, some systematic data collection system should be 
initiated. Records documenting changes in the drainage program, 
drainage complaints (including severity and frequency), flood damages, 
etc., would be very helpful for future evaluations. A systematic col-
lection of such data had not been done in any of the areas studied, 
which limited evaluation of the drainage programs. 
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APPENDIX A 
ATLANTA, GEORGIA METROPOLITAN AREA 
The Atlanta Metropolitan Area is situated in a geographic province 
called the Piedmont Plateau in northwest Georgia. Atlanta lies at an 
elevation of around 1000 feet above sea level. The City of Atlanta is 
built upon a series of connecting ridges, called the Peachtree Divide. 
The eastern and southern sides of the urban area drain to the Atlantic 
Ocean through the South River, which is part of the Ocmulgee-Altamaha 
River system. The southern tip of the divide drains to the Flint River, 
while the western side drains directly into the Chattahoochee River 
(Figure A-1). The Flint and Chattahoochee Rivers meet at the Florida 
border to form the Apalachicola River which empties into the Gulf of 
Mexico. 
The topography of the area is hilly with elevations varying from 
740 to 1,680 feet above mean sea level. The high elevations are repre-
sentative of the tops of several dominant geologic features such as 
Stone Mountain and Kennesaw Mountain, and are not typical of the other-
wise rolling countryside. The maximum elevation, excluding these 
features is on the order of 1,250 feet above mean sea level. 
The region lies in the Piedmont Plateau which is underlain with 
deeply weathered crystalline rocks. Along the Chattahoochee River, the 
surface is rugged and extremely hilly, as is the case also in portions 
of the Yellow and Etowah River Basins. 
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Figure A-1. Atlanta, Georgia and Vicinity - Major River Patterns 
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The Atlanta Metropolitan Area is essentially one of abundant rain-
fall. The average annual rainfall is about 52 inches per year (1). As 
a consequence of the abundant rainfall, annual runoff from streams is 
high. Average annual runoff from the watersheds in this area range from 
15 to 24 inches per year (1). 
Following are the four case studies for the City of Atlanta, 
DeKalb, Fulton, and Clayton Counties. These were the areas in the 
Atlanta Metropolitan Area which agreed to participate in this study. 
City of Atlanta  
City of Atlanta Drainage Program  
With several of the Atlanta Metropolitan Counties actively en-
gaged in developing their drainage programs, the City of Atlanta is 
taking a long hard look at its own drainage program to determine whether 
or not it is effective in dealing with present and anticipated drainage 
problems. The City of Atlanta has a Flood Control Ordinance dated 1963 
and several provisions of its 1967 Rules and Regulations Governing 
Private Development of Sanitary or Storm Sewers deal with drainage. The 
City has also adopted Soil and Erosion Control Regulations pertaining 
to the grading of land. 
Following is a discussion of the City of Atlanta's drainage 
program and some proposed changes. 
City Personnel Dealing with Drainage. The City of Atlanta's 
drainage program is administered by the Public Works Department, under 
the direction of the Private Development Coordinator and his assistant. 
They review all development plans and drainage studies, and the Private 
Development Coordinator did most of the work in drafting the City's 
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drainage regulations. At the present time neither the Private Develop-
ment Coordinator or his assistant are graduate engineers. They are, 
however, long-time employees of the Public Works Department with many 
 years of practical experience dealing with drainage problems. 
Recently the City has required retention storage facilities for 
several developments. The hydrologic and hydraulic studies done for 
 these facilities were reviewed by a graduate engineer from the City'
 Engineering Department. 
The City of Atlanta's Planning Department has had very little 
involvement with the City's drainage program. The Planning Department's 
activities, dealing with the drainage program, have been limited to re-
viewing the draft ordinances and regulations which were prepared by the 
Public Works Department. 
Formulation of Goals and Objectives. In reviewing the City of 
Atlanta's publications pertaining to drainage, and interviewing the City 
personnel who work with and enforce the drainage program, it was f ound 
 that there are no stated goals or objectives for this program. In ad-
dition, several of the persons interviewed stated that whatever drain-
age program now exists has evolved through the years and no one has ever 
stated any goals or objectives for the program. 
Current Level of Service. As part of their drainage program, the 
City of Atlanta provides the following services. 
1. Review plans for approval of development permits (taking into 
account zoning and subdivision regulations), inspect Work for 
compliance during construction, and make on-site inspection 
and review of "as built" drawings for final acceptance of work. 
155 
2. Provide emergency response to flooding situations, rendering 
such assistance as is necessary and possible to minimize 
hazards to life and property. 
3. Provide technical assistance to the residents of the City to 
help alleviate drainage problems. 
4. Maintain function of existing drainage structures and facili-
ties specifically accepted for City maintenance; repair, 
modify or replace existing obsolete structures to extent of 
capability. Following are some of the services the City has 
rendered in this area. 
A. In some cases, if a citizen wants to have storm sewer 
pipe installed, the City will install the pipe if the 
citizen will purchase it. 
B. The City will remove major blockages from watercourses 
that are beyond the means of the private citizen (large 
trees, automobiles, etc.). 
C. The City does some debris removal along major water-
courses. 
Methods Used  in Drafting Atlanta's Drainage Regulations. The 
City's existing rules and regulations pertaining to drainage, flood con-
trol and sediment control were drafted by the Public Works Department. 
The Planning Department reviewed these documents before they were adopted. 
These documents are based on the City's experience with their drainage 
program and the regulations and ordinances that have been adopted by the 
local metropolitan counties. 
Provisions of the City of Atlanta's Regulations. The City has 
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several regulations pertaining to drainage and related areas. Following 
is a brief discussion of these regulations. 
1. Rules and Regulations Governing Private Development of Sani-
tary or Storm Sewers - These regulations require submittal of 
plans showing flood elevations (based on the 50-year flood), 
specifies what hydrologic methods are to be used for storm 
sewer design, gives specific drainage and flood design 
criteria, and regulations pertaining to grading. 
2. City of Atlanta's Flood Control Ordinance - This ordinance 
establishes a 50-year flood plain and lists the limitations 
on development within these flood plain areas. (Recently the 
City adopted the use of a 100-year flood plain.) 
3. Ordinance to Regulate the Grading of Land Within the City of 
Atlanta - This ordinance specifies the conditions under which 
a grading permit would be needed, plans required, pollution 
restrictions, drainage standards to be followed when grading, 
and requirements for retention of mud and debris. 
Hydraulic and Hydrologic Studies. The City only requires hy-
draulic and hydrologic studies when they feel there is a specific need 
for them. This decision is made by the Private Development Coordinator. 
In the past, studies were done only if the Private Development Coordi-
nator felt a serious drainage problem might result from the proposed 
development. Recently the required on-site retention facilities have 
necessitated detailed hydraulic and hydrologic studies. 
Drainage Plans. The Public Works Department requires a drainage 
plan for developments of one acre or more or where the Department feels 
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there is a potential for drainage problems. Where development is near 
or in the flood plain, the major requirement of the Public Works De-
partment isthat the cut and fill in the flood plain be balanced so that 
no storm runoff storage is lost due to filling within the flood plain. 
Flood Plain Area. Until recently the City used the 50-year storm 
as the design storm for determining the flood plain areas. The Corps of 
Engineers has now revised their flood plain studies for the City so that 
they are now based on the 100-year storm. 
Regulating Utilities in the Flood Plain. The City does not have 
any regulations controlling the installation of utilities within the 
flood plain areas. It was estimated by the Superintendent of Sewer 
Maintenance and Construction that approximately 500 utility crossings 
are above the normal water surface but still within the flood plain. 
He also commented that each spring several of these installations are 
damaged by flood waters causing a serious pollution and maintenance 
problem. In addition, during high water stages these facilities catch 
debris and interfere with the free flow of storm runoff. 
Dumping in the Flood Plain. The City does not have any regu-
lations controlling dumping in the flood plain. The only basis they 
have for control is that the dumping operation cannot restrict the flow 
of storm runoff or change the direction of the natural drainage. 
Sediment and Erosion Control. The City's only regulation for 
sediment and erosion control is contained in the Ordinance to Regulate 
the Grading of Land Within the City of Atlanta, as previously discussed. 
On several developments the Public Works Department has required the 
developer to use hay bales in an attempt to control a specific erosion 
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problem but according to the Public Works Department, these facilities 
did not function adequately. In addition there are no requirements to 
insure the removal of the hay bales and deposited sediment after the 
development is completed. 
Drainage  Complaints. Due to a recent move in offices, the Chief 
of Consumer Services for the City informed me that many of the records 
of drainage complaints were misplaced and unavailable at this time. As 
a consequence he was only able to reconstruct the record of drainage 
complaints for a short period of time during 1972, but felt that this 
was representative of the magnitude of complaints the City received 
during the late summer and fall of each year. 	During the spring of the 
year when there is more rainfall, there is usually an increase in the 
number of complaints. 
Record of Drainage Complaints - 1972 
(July 1, through December 31, only) 
1. Total number 	  205 
2. Number investigated 	  205 
3. Number required maintenance by City .   101 
4. Number required installation by City 
with pipe furnished by owner of property . 	38 
5. Number private problems (those drainage 
problems located on private property 
and not subject to city maintenance as 




Thus, the City received about 35 drainage complaints per month 
during this period, 
Concluding Remarks  
The City of Atlanta's drainage program has evolved through the 
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years to respond to the problems and needs of the community. At the 
present time the City maintains more of its total drainage system than 
any of the metropolitan counties. 
Recently there have been several major additions to the City's 
drainage program in the areas of on-site retention, grading of land, and 
sediment and erosion control. The City Public Works Department is taking 
a cautious approach to the inclusion of on-site retention into their 
drainage program. The Public Works Personnel feel that at the present 
time it is best to examine the effectiveness and feasibility of on-site 
storage for each individual development rather than requiring storage 
for all developments. If it is determined that these facilities do 
function as designed and lessen drainage problems, then the City will 
consider an ordinance to require on-site retention for all or most 
development. 
In the areas of grading of land, sediment, and erosion control, 
the Public Works Department is just beginning to formulate its program 
for the implementation of these measures. 
DeKalb County  
DeKalb County's geography is such that almost all of the lands 
constituting the drainage basins of the streams within the County lie 
within the County's boundaries. The Drainage Department has divided the 
County into some 39 distinct drainage basins which lie wholly in the 
County or have their upper reaches within the County. Only the north 
fork of Peachtree Creek and the South River have any significant contri-
buting areas outside the County. Six of the County's watersheds drain 
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to the Chattachoochee River, which flows into the Gulf of Mexico. The 
rest drain via the South River and Yellow River to the Ocmulgee River 
and ultimately to the Atlantic Ocean. DeKalb County, like all of the 
Atlanta Metropolitan Counties, does not have jurisdiction over drainage 
in incorporated areas within the County. 
Extent of Drainage Problem  
With the passage of the DeKalb County Zoning Ordinance of 1970, 
the Intermediate Regional (100-year) Flood Plain was designated as a 
drainage easement. Prior to this ordinance approximately 600 residences 
were constructed within these areas, and all of these residences will 
experience flooding to some degree if the 100-year storm occurs. There 
are also some small commercial, industrial and multi-family developments 
that are affected by the 100-year storm. In addition to this threat 
from a major storm there are approximately 200 residences that have been 
constructed at such proximity to the streams that they are generally 
flooded to an appreciable degree every year. The DeKalb County Drainage 
Department reports that this flooding is the principal problem resulting 
from major stream overflow. To keep this problem in its true perspective, 
it should be noted that there are some eighty thousand single family 
residences in DeKalb County which have experienced no flooding problem, 
so the homes affected by major stream flooding constitute approximately 
one fourth of one percent of the total. 
During the year of 1972, DeKalb l s Drainage Department received 
2,375 reports of drainage problems. Of this number, 2,080 had been 
investigated and evaluated at the end of the year. These investigations 
revealed that about 60 percent of these required only routine maintenance. 
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This routine maintenance consisted of cleaning out debris and sediment 
from catchment basins, street gutters, culverts, and stream channels. 
Another 30 percent of the drainage problems were "classified" as private 
problems since the deficiencies were on private property or within the 
dedicated public drainage easements, but not specifically accepted for 
County maintenance. DeKalb County requires that the following statement 
be placed on each subdivision plat as a condition for its approval: 
DeKalb County is not liable or responsible for the extension 
of the cross drains shown on property or for erosion or 
flooding of storm drains. The County will not be held re-
sponsible in anyway for flooding of this property from high 
water in the natural creeks and rivers and further the sel-
ler shall see that the above notation shall be recorded in 
deeds of conveyance to purchaser of each and every lot in 
this subdivision. 
In effect, this statement restrains the County from entering or maintain-
ing drainage areas, since such action might establish a precedent for 
continuing County responsibility. The practical application of this 
statement of responsibility appears to conflict with the responsibility 
(and legal authority) of the County to ensure the free flow of the drain-
age system. 
The remaining 10 percent of the drainage problems were accepted 
by the Drainage Department as the unquestioned responsibility of the 
County to correct. These problems were either confined to the areas 
specifically accepted for maintenance by the County or were caused by 
some structural inadequacy of the existing County drainage system. 
It has been reported by DeKalb's Drainage Department (in a report 
entitled, "Drainage Improvements Program", by the Planning and Roads and 
Drainage Departments, April, 1973) that these cases of localized 
flooding have generally resulted from two major causes. 
1. Inadequate design and installation of the drainage 
system by the original developer allowing high 
velocity discharges to rush through unlined ditches 
of exposed highly erodible soils. The results 
range from unsightly trenches to canyons with 
potholes of standing storm water providing an unde-
sirable environment and breeding ground for mos-
quitos and snakes. In addition, the transported 
sediment continues to be deposited in downstream 
drainage structures and stream channels, which are 
already taxed to capacity. 
2. Rapid and extensive creation of impervious areas 
throughout the County, have resulted in increased 
runoff from these drainage areas. 
3. Although not included in this report, inadequate 
design by those constructing the original down-
stream features of the drainage area (bridges, 
culverts, etc.) have also caused localized 
flooding. 
Man-Made Complications. One part of the drainage problem is the 
physical constraints to the free flow of storm water. These complaints 
may be classified into two categories: 
1. those caused by design, 
2. those caused by negligence. 
In the first category, the principal impediments to the flow of water 
are found in culverts and bridges designed with insufficient or poorly 
aligned openings, and in sanitary sewer or water lines across stream 
channels within the levels normally occupied by the flowing streams. 
In addition, drainage pipes allow surface waters to be drained through 
property and beneath public streets and then deposited into natural 
drainage ways. Problems can arise when the discharge from these pipes 
erodes the soil and stream bed adjacent to the pipe outlet. Inlets to 
drains can also be eroded causing drainage problems. DeKalb County 
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reports that they have encountered all of these problems within their 
drainage system. The County regulations do not specifically regulate 
construction of utilities, sewers, and other crossings that often ob-
struct flows. 
The second category includes the accumulation of debris within 
the stream channels. This debris generally includes tree branches and 
foliage, automobile tires, household appliances and other discarded lit-
ter. DeKalb's Drainage Engineer has reported that these obstructions 
usually cause only minor suppressions of the stream flow. However, this 
debris has accumulated at points where fixed structures cross the stream 
channel creating a dam which impounds the stream flow and creates 
"artificial" flooding upstream at levels and frequencies not directly 
related to hydrologic factors. 
Erosion and Sedimentation. From the standpoint of cost of cor-
rection this is probably one of the most significant drainage problems 
facing the County. Sediment consists of soil particles, organic ma-
terial, and insoluable nutrients conveyed and deposited by surface 
waters. Unregulated urban development can result in increased soil 
erosion which is one major source of sediment. This sediment occupies 
space within the channel intended for flowing water so the water is 
forced to seek a higher level, which is frequently across the yards and 
in the buildings adjacent to the streams. 
Amounts of sediment vary from stream to stream and are difficult 
to measure. However, the DeKalb County Drainage Department reported 
that since 1963, both the north and south forks of Peachtree Creek have 
collected at least one foot of sediment. Such deposits reduce a stream's 
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capacity to flow and retain flood waters and thus contribute to flood-
ing. 
DeKalb County Drainage Program  
In 1970 the Federal Insurance Administrator announced the for-
mation of a new two year emergency flood insurance program, authorized 
under the emergency flood provisions of the 1969 Housing and Urban 
Development Act. Under this emergency program, residents of communities 
which meet Federal requirements for land-use and land management 
practices that will reduce future damages from floods can obtain flood 
insurance without waiting for time consuming actuarial studies to es-
tablish insurance premium rates. To qualify for this insurance a com-
munity is obligated to assist the Federal Government in identifying 
specific flood hazard areas and to give assurance that they will enact 
appropriate zoning regulations, building codes, and other measures to 
eliminate or minimize damage from future floods. 
DeKalb County's government quickly qualified for this program. 
The Planning Department propared a comprehensive report as required 
under the program. The Board of Commissioners adopted a resolution 
establishing the need for such a program in the County and by the end 
of March 1970, the official application had been submitted. 
On July 14, 1970, the Board of Commissioners passed an interim 
drainage ordinance to place in effect the proposals made under the Flood 
Insurance Program. This ordinance was later incorporated into the 
comprehensive Zoning Ordinance of 1970. Subsequently, the wording was 
revised to clarify some sentences where the intent was unclear. On June 
11, 1974, minor changes were made in this drainage ordinance and it was 
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then incorporated into an environmental ordinance. As of May 31, 1974, 
there have been 461 flood insurance policies sold under the Flood In-
surance Program in the seven county Atlanta Metropolitan Area (City of 
Atlanta, Fulton, DeKalb, Cobb, Clayton, Gwinnett, Rockdale, and Douglas). 
DeKalb County has stated that the objective of their drainage 
ordinance is, "to prevent the continuation of irresponsible development 
and to encourage development appropriate to land use, competently plan-
ned and executed so as to produce a genuine asset to its owners and to 
the community as a whole." 
The major provisions of the environmental ordinance dealing with 
drainage, and designed to contribute to this end are as follows: 
1. Classification of the Flood Plain Drainage Easement, 
2. Requirements for Plans and Hydraulic Analysis, 
3. County Development Standards (grading, erosion and 
sedimentation control, vegetation, and drainage), 
4. Information Required Pertaining to Drainage and Sediment 
Control. 
Specifically this ordinance establishes a flood plain based on 
the 100-year storm, requires hydrologic and hydraulic studies and re-
tention facilities for all developments which increase storm runoff by 
more than one cubic foot per second during a ten-year frequency storm, 
establishes conditions for consolidation of storage facilities, es-
tablishes development standards for flood plain areas (including filling 
flood plain areas), requires erosion control plans, establishes special 
standards for single family residential areas, states bonding or other 
requirements, indicates maintenance responsibility, and states the 
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County's policies of enforcement and administration. 
Administration. The DeKalb County Planning Department has been 
designated as the official regulatory body to coordinate and enforce all 
flood plain management. 
The Director of the Roads and Bridges Department has been desig-
nated as the approval authority for all grading and drainage plans. 
This Department has seven engineers working with drainage related 
problems. 
Long Range Goals of the Program. The DeKalb County Drainage De-
partment has stated the long range goals of the drainage program to be 
the following: 
To effect, regulate and control the construction and mainte-
nance of adequate facilities for the collection, temporary 
storage, conveyance, and disposition of storm waters entering 
or falling within the boundaries of DeKalb County's drainage 
jurisdiction; and to preserve and improve environmental 
quality in the process. 
Current Objectives. The DeKalb County Drainage Department has 
listed six current objectives of the drainage program as follows: 
1. Develop a comprehensive plan to handle storm run-off safely 
and efficiently, conforming to methods which are economically 
feasible and environmentally acceptable. 
2. Regulate development so as to prevent an increase in run-off 
rate from the development site, to prevent the reduction of 
flood plain storage of storm waters, to prevent improper use 
of the natural flood plains, and to prevent downstream damage 
from site generated water-borne silt and debris. 
3. Minimize adverse hydraulic effects of stream crossings by 
sanitary sewer lines, water mains, etc., through plans review 
and coordination with responsible agencies. 
4, Minimize the infiltration of storm waters into the sanitary 
sewer system and the overflow of sanitary sewers into the 
storm drainageways, flood plains, and streams. 
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5. Utilize appropriate public open space for both recreational 
use and the temporary storage of excess storm waters. 
6. Develop an adequate program for maintenance and improvement 
of existing drainage facilities. 
Current Level of Service. The DeKalb County Drainage Department 
has delineated their current level of service under their drainage 
program as follows: 
1. Compile and maintain an inventory of existing drainage 
structures denoting location, type, size and condition 
throughout the County drainage jurisdiction. 
2. Review plans for approval of development permits, inspect 
work for compliance during construction, and make on-site 
inspection and review of "as built" drawings for final ac-
ceptance of work. 
3. Investigate, evaluate, and prepare engineering solutions 
to existing drainage problems. 
4. Provide emergency response to flooding situations, render-
ing such assistance as is necessary and possible to mini-
mize hazards to life and property. 
5. Maintain function of existing drainage structures and 
facilities specifically accepted for County maintenance; 
repair, modify or replace existing obsolete structures 
to extent of capability. 
6. Introduce and encourage innovative design and methodology 
to better achieve program objectives with emphasis on 
safety, simplicity and environmental impact. 
The County is anticipating that the Hydrologic Computer Simulation 
Study now being conducted will provide them with the technical tool neces-
sary to effectively carry out the above services. 
Methods Used in Drafting DeKalb's Drainage Regulations. The 1970 
Drainage Ordinance was primarily drafted by the Drainage Engineer and 
then reviewed by other County Departments and representatives from local 
interest groups. Recently the County has revised this ordinance and 
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incorporated it into an Environmental Ordinance. This Environmental 
Ordinance was drafted primarily by the County Planning Department with 
considerable input from other County Departments and local special 
interest groups. Also several public hearings were held to get citizen 
input into this ordinance. 
Hydrologic Studies and On-Site Storage. One of the major purposes 
of the DeKalb County drainage requirements is to require the developer 
to supply storage for any increased runoff that his development produces 
(for a ten-year frequency storm). Thus hydrologic studies are required 
for all developments within the County except for the development of a 
single residence. 
Problems and Results Obtained from Application of DeKalb's Ordi-
nance. The DeKalb County Drainage Engineer reports that DeKalb's Drain- 
age Ordinance is a valuable tool but it is too early to assess its over-
all effect. He states that the contractors and developers have accepted 
the restrictions as outlined in the ordinance and actually very few 
problems have resulted. One reason for this lack of problems could be 
that the Drainage Department has conducted several workshops in which 
the drainage ordinance was explained and also the contractors and develop-
ers had the opportunity to ask any questions they had on the application 
of the ordinance. Another reason may be that DeKalb's flood plains are 
small and far apart. 
The one major problem that has plagued the Drainage Department, 
both in the application of the drainage ordinance and in the entire 
drainage program, is the problem of maintenance of the drainage system. 
It has always been the policy of the County that they will only maintain 
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that part of the drainage system located on County owned land and streets. 
The remainder of the system is to be maintained by the individual proper-
ty owners. The Drainage Department reports that in many cases this 
maintenance by individual property owners has not taken place and as a 
result the free flow of the drainage system has been impaired. 
Another problem that has been encountered in DeKaib County is that 
of inspection during the construction phase of the development. In many 
cases the consulting engineer that is hired to design the system does 
just that, he designs the drainage system and then never sees the project 
again. Another engineer, usually employed by the developer, signs the 
as-built drawings. Especially in the control of erosion and sedimen-
tation, when the construction phase is very important, some sort of 
continued inspection by the design consultant might be needed. If a 
system is to be constructed according to a certain design, some in-
spection is usually required. 
Concluding Remarks  
While most counties and cities are still talking about their drain-
age problems and possible solutions, DeKaib County has taken bold steps 
in the direction of solving its problems. With very little time and few 
resources they drafted a drainage ordinance several years ago which at-
tempted to deal with the drainage problems within the County. Since 
then they have spent much time and effort revising this ordinance. The 
philosophy that the County has adopted in dealing with its drainage 
problems is that means should be provided at each development to control 
the increased runoff generated by that development. Thus the County has 
attempted to solve the problem at its source and not pass it downstream. 
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This might be thought of as a "decentralized" approach to solving drain-
age problems as contrasted to a more "centralized" approach of using 
large areas as detention storage for several developments. At the pre-
sent time, each development is considered independently from the other 
developments within the County, although the hydrologic computer simu-
lation study will provide the County the means to investigate the inter-
relationships between developments. 
Fulton County  
Fulton County is divided into two separate areas, North Fulton 
County and South Fulton County, with the City of Atlanta located in-
between. The Planning Department has divided the County into some 36 
distinct drainage basins with 21 located in North Fulton County and 15 
located in South Fulton County. Many of these drainage basins have 
their upper reaches located within the adjacent counties of DeKalb, 
Gwinnett, Forsyth, Cobb and Clayton, while others are contained within 
Fulton County or the City of Atlanta. Almost all of the drainage basins 
in Fulton County drain to the Chattahoochee River which flows into the 
Gulf of Mexico. 
Extent of Drainage Problem  
Drainage problems within the unincorporated portions of Fulton 
County are handled by the Fulton County Public Works Department. Fulton 
County does not have a separate Drainage Department or Drainage Engineer 
as was the case in DeKalb County. One reason for this might be that 
much of Fulton County is still undeveloped and thus the County does not 
have the volume of drainage problems that DeKalb County has experienced. 
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It was estimated by the personnel of Fulton County's Public Works 
Department that approximately 70-80 residences in Fulton County experience 
"periodic" flooding problems. This periodic flooding problem was de-
scribed as flooding the yards or basements of these residences once every 
year or two. The County has no records of any residence within the County 
being flooded above the basement or crawl space areas. 
Fulton County does not have any accurate records or maps which show 
how many residences are actually located within the Intermediate Regional 
Flood Plain and thus cannot estimate how many residences might be flooded 
by a 100-year storm. Also, the Public Works Department has not kept 
records on how many drainage complaints they have received each year. 
The Department's personnel did state that most of the flooding problems 
that are reported to them are confined to the flooding of yards and the 
seepage of this water into the basements of adjacent residences. 
In talking with the personnel of Fulton County the impression 
gained was that Fulton County experiences the same problems with drain-
age and sediment control that are evidenced in DeKalb County but the 
extent and severity are less. Much of Fulton County is classified by the 
Zoning Ordinance as rural land and to date has not been developed, but it 
is anticipated by the Fulton County Planning Department that development 
will occur within the near future. Thus, drainage might become a more 
important consideration within the County. 
Fulton County Drainage Program 
Fulton County's Drainage Program started with the 1967 Fulton 
County Subdivision Regulations which included Section 8.1.7. - Storm 
Drainage. This Section deals with storm drainage facilities within 
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subdivisions, extension of street drains on to subdivided land, desig-
nation of land unfit for development due to drainage problems, drainage 
problems as related to public health nuisances, requirements for water 
impoundment structures, and limitations of development within the 25-
year flood plain. 
In September, 1971, an official Flood Hazard Boundary Map was 
established and adopted by the County, consisting of a series of six 
maps prepared by the Planning Department of Fulton County. These maps 
depict the soil composition identified in the U.S. Soil Conservation 
Service Report, Soil Survey of Fulton County, Series 1949, Number 7; and 
data extracted from the U.S. Army Corps of Engineers Reports including 
the Flood Insurance Study, Fulton County Georgia (Unincorporated areas), 
June, 1971, which in conjunction established the flood hazard areas. 
These official Flood Hazard Boundary Maps identify the land which is 
within the Intermediate Regional (100-year) Flood Plain. The Corps of 
Engineers hydraulic studies covered approximately one-third of the major 
streams within the County while soils data were used to designate the 
flood plain associated with the other major streams. 
To determine the exact nature and extent of the flood hazards for 
any individual property or small streams not covered by the Flood Hazard 
Boundary Maps, hydrological studies, engineering computations, flood 
records, and field surveys compiled and certified by a registered pro-
fessional engineer may be required by the County before these areas can 
be developed. 
On April 5, 1972, an amendment to the Fulton County Zoning Reso-
lution Regarding Flood Protection was adopted by the County. This 
173 
amendment deals with uses within the 100-year flood plain (as determined 
by the County), permits for improvements within the 100-year flood plain 
areas, plans required, development standards, required hydraulic and 
hydrologic studies, erosion and sedimentation control, re-location or re-
alignment of river and stream channels, and drainage easements. 
A recent addition to this amendment entitled Control of Run-off 
and Sedimentation outlines in detail specific regulations designed to 
deal with the problems of erosion and sediment control. This addition 
also outlines the general procedures by which runoff from developed sites 
must be controlled. This addition was only in draft form at the time of 
this study and had not been formally adopted by the County. In addition 
there is an amendment to the Fulton County Zoning Resolution Concerning 
Tree Preservation which was adopted on July 15, 1968, and amended on 
December 3, 1970. 
The Fulton County personnel interviewed during this study stated 
that the major objective of the Fulton County Drainage Ordinance is to 
protect the existing and future structures, within Fulton County, from 
experiencing any flooding problems. Stated another way, the major ob-
jective is to keep building out of the flood plain. In addition, the 
personnel from the Planning Department, who did most of the work in draft-
ing the drainage ordinance, stated that the following objectives were 
also considered when the ordinance was written: 
1. comply with the Federal Emergency Flood Insurance 
Program; 
2. use the drainage easements created by the ordinance to create 
ribbon parks, open space, and buffer zones; 
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3. attempt to limit the use of channelization and encourage 
the use of natural drainage ways; 
4. regulate the flow of water through the drainage system. 
County Personnel Dealing with Drainage. The administration and 
implementation of the drainage program is shared by the Fulton County 
Planning Department and the Public Works Department. The Planning Depart-
ment is primarily concerned with reviewing developments to be sure they 
are done in accordance with the latest zoning and subdivision regulations. 
The Public Works Department is primarily concerned with reviewing the 
grading and drainage plans to be sure they are in accordance with County 
standards. 
The Public Works Department has six graduate engineers who spend 
at least part of their time working on drainage problems. The Planning 
Department has two planners who have been extensively involved in Fulton 
County's Drainage Program. 
Fulton County has recently organized a technical review committee 
which is a multi-department committee (consisting of representatives from 
the Planning, Public Works, and Inspection Departments) which reviews 
proposed developments and tries to coordinate the efforts of all the 
departments to be sure the developments comply with all standards and 
regulations of the County. 
Long-Range Goals of the Program. Fulton County has not establish-
ed any long-range goals for their drainage program. At present, the 
County is working on broad goals for all the programs of the County, and 
it is anticipated by the personnel of the Planning Department that some 
goals for the drainage program will result from this work. 
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Current Objectives. As in the case of long range goals, the 
County has not specifically stated its current objectives for the drain-
age program. In discussing this with the personnel from the Planning 
and Public Works Department, they expressed the feeling that the first 
section of the 1972 Drainage Requirements (which is Section 9 of the 
1972 Flood Protection Resolution) entitled Intent, could be viewed as a 
combination of goals and current objectives. Following is Fulton County's 
statement of the intent of their Resolution. 
It is the intent of this resolution to delineate on an official 
map Flood Prone and Special Flood Hazard Areas in unincorporated 
Fulton County; to regulate the use and development of property 
located in such areas; to provide protection from flooding and 
inundation to persons and property; to prevent interference with 
the flow of any watercourse or into an impounding basin; and to 
prevent any appreciable expansion of flooding, siltation, erosion 
or inundation hazards. The delineation and regulation of areas 
affected by this section are intended to preserve and protect 
areas necessary for flood flows; permit appropriate land uses; 
protect persons, improvements and property from flood hazards 
associated with the development of areas subject to the movement 
and inundation of flood waters; and to preserve the flood plains 
from encroachment of any nature which would increase the need 
for flood protection, raise the flood level, reduce flood storage 
or impede the movement of flood waters; and to reduce the fi- 
nancial burdens imposed on the community by floods and their over-
flow. It is intended also to require the location, elevation, and 
construction of all public utilities and facilities, such as sewer, 
gas, electrical, and water systems and streets, in such a manner 
as to minimize or eliminate damage by flooding; to provide for 
adequate drainage to prevent the aggravation of flood hazards to 
adjacent communities; to provide that hereafter no platted lot 
shall be approved that does not contain a suitable building site 
having a first floor elevation above the level of the inter-
mediate regional flood; to prohibit new construction accordingly; 
and to designate as non-conforming uses existing structures and 
development which do not meet the requirements of this section. 
Current Level of Service. As part of their drainage program, 
Fulton County provides the following services: 
1. Review plans for approval of development permits (taking into 
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account zoning and subdivision regulations), inspect work for 
compliance during construction, and make on-site inspection 
and review of "as built" drawings for final acceptance of work. 
2. Provide emergency response to flooding situations, rendering 
such assistance as is necessary and possible to minimize 
hazards to life and property. 
3. Maintain function of existing drainage structures and facili-
ties specifically accepted for County maintenance; repair, 
modify or replace existing obsolete structures to extent of 
capability. 
Methods and Studies Used in Drafting the Ordinance. The Fulton 
County Drainage Ordinance dated April 5, 1972, was drafted by the Plan-
ning Department and reviewed by the Public Works Department, County At-
torney, and the Inspection Department. The Planning Department obtain-
ed most of their technical and engineering assistance from the U.S. Army 
Corps of Engineers and the Soil Conservation Service. There was very 
little interaction between the Planning Department and the Public Works 
Department during the drafting of this ordinance. At the time this ordi-
nance was written, neither the Planning nor the Public Works Department 
has personnel with a background in drainage engineering or hydrology. 
The Public Works Department has recently hired an engineer with extensive 
experience in drainage work. 
From a planning perspective there was a considerable amount of 
research done in preparation for the drafting of Fulton County l s Drain-
age Ordinance. The Fulton County Planning Department contacted the 
Planning Departments of DeKalb County, Georgia; Atlanta, Georgia; 
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Baltimore County, Maryland; Fairfax County, Virginia; and San Jose, 
California to obtain information on their drainage programs and ordi-
nances. In addition, the Planning Department used the facilities of the 
Georgia Tech Library to review the drainage ordinances of various other 
cities and counties throughout the United States and also reviewed cur-
rent periodicals and law journals pertaining to urban drainage ordinances. 
The Planning Department also contacted and received information from the 
U.S. Department of Housing and Urban Development. 
During this study, the Fulton County Planning Department did not 
contact the Public Works Department of these various cities and counties 
or solicit the advice or assistance of any engineers with a background in 
drainage and/or hydrology. 
Many of Fulton County's personnel feel that there is a lack of com-
munications between the planners and the engineers within the Fulton 
County government. It is apparent that the planners did most of the work 
in drafting the drainage ordinance while the Public Works Department was 
left with the role of reviewing the planners' work in its final stages of 
development. 
Hydrologic Studies. The Fulton County Public Works Department has 
prepared a Manual on Drainage Design which is the basis for all the 
County's design work. The modified Burkli-Ziegler Equation for computing 
runoff is used as the basis for this manual and this equation is used for 
all hydrologic studies undertaken by the County. Neither this method nor 
the manual are required to be used by private developers in their design 
of drainage facilities but it has been the experience of the Public Works 
Department that most of the hydrologic studies that have been done in the 
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County have been based on the Modified Burkli-Ziegler Equation and the 
charts and nomographs contained in the County manual. 
Problems and Results Obtained from Application of Ordinance.  
Since Fulton County's Drainage Ordinance has only been in effect a short 
time, it is difficult to determine what effects it has had. The person-
nel within the Public Works Department state that they have had no major 
problems associated with the application or enforcement of the ordinance. 
They also feel that Fulton County, at the present time, does not have any 
major drainage problems and with enforcement of the existing drainage 
ordinance they will not have any in the near future. 
Concluding Remarks  
The major thrust of Fulton County's drainage program has been to 
keeping development out of the flood plain and, thereby, not lose any 
flood plain storage. In the past, the County has designed its drainage 
system to convey the storm runoff off the land quickly and then trans-
port it through its drainage system and out of the County. It is just 
recently that the County has considered adopting an on-site storage 
requirement modeled after DeKalb's ordinance. 
Almost all of the research and studies that were done in drafting 
Fulton's ordinance were done by planners in consultation with other plan-
ners with little input from engineers or public works personnel. This 
has resulted in the inclusion of some very general statements in the 
ordinance which have not been diligently enforced by the Public Works 
Department. It was reported by many of the Fulton County personnel that 
they felt the enforcement of the existing ordinance was very weak. 
The ordinance has a major weakness in the area of sediment and 
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erosion control. Plans for sediment and erosion control are not manda-
tory in order for the developer to receive a development permit and thus 
few such plans are submitted. The Public Works Department reported that 
when plans for sediment and erosion control are submitted they are very 
general and most of the responsibility for the detailed plans and imple-
mentation of these plans is left to the developer. The Public Works 
Department also reported that they felt that erosion is one of the worst 
drainage problems in the County and that most of this was caused by the 
fact that developers do not stabilize the channels within their develop-
ments. The Public Works Department is left in a position of having to 
force the developer to rip-rap or in some way stabilize their channels 
after an erosion problem is encountered. 
Fulton County does attempt to have some input into the structural 
adequacy of the dams and structures that are built within the flood plain. 
In the Fulton County 1967 Subdivision Regulations it states, "Any dam to 
be constructed within the County shall require the approval of the Public 
Works Department and the Health Department, and shall be constructed in 
accordance with standards and specifications as determined by them." 
The standards and specifications are those recommended by the Soil Con-
servation Service in building small dams. 
Fulton County is experiencing the same problems with maintenance 
that are being encountered in DeKalb County. Because Fulton County is 
much less developed (percent of total area) than DeKalb County the public 
pressures are not great enough at this time to force them into accepting 
a greater role in maintenance. The County does not have a preventive 
maintenance program and most of the maintenance of the drainage system 
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is left to private landowners. The Public Works Department personnel 
stated that in the future they expect more maintenance problems associ-
ated with the drainage system. 
One of the major things that is quite disturbing when studying 
Fulton County's Drainage Program is their lack of setting any goals or 
objectives for their program. The County has written and is revising 
their zoning and subdivision regulations concerning drainage, by uti-
lizing the efforts of other counties and cities, without relating this 
information to what goals and objectives should be sought for Fulton 
County. 
Clayton County  
The Clayton County Planning Department has divided Clayton County 
into six major drainage basins. Two of these basins originate in Fulton 
and DeKalb Counties and drain into Clayton County. The rest of the 
basins have their headwaters within Clayton County. Of the six drainage 
basins, three drain to the east into Henry County while the rest drain 
to the south into Henry and Spalding Counties. Thus, Clayton County is 
both affected by and affects the drainage of several of the Atlanta 
Metropolitan Counties. 
Clayton County Drainage Program  
With the increasing flooding and drainage problems resulting from 
existing and anticipated developments in and around Clayton County, the 
County Public Works and Planning Departments are becoming more involved 
with measures to abate these problems. Among other things, the County 
is considering the use of on-site storage to control flood waters; has 
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several sections within its 1971 Subdivision Regulations dealing with 
drainage; drafted a proposed sediment control regulation; recently re-
quired drainage plans and studies for some new developments; and in-
creased the technical ability of its Public Works Department to deal 
with the problems of drainage and sediment control. 
County Personnel Dealing with Drainage. Clayton County's Public 
Works Department, with seven graduate engineers, has one of the largest 
engineering staff of any Atlanta Metropolitan County (several of these 
counties only have one or two graduate engineers). In addition, Clayton 
County has a Planning Department which has played an active role in the 
County's drainage program. 
Formulation of Goals and Objectives. Like most of the counties 
and cities included in this study, Clayton County started its drainage 
program by enacting and proposing ordinances and regulations without 
first formulating any specific goals and/or objectives for the program. 
In interviewing two of the County Commissioners, they felt that it was 
logical that the formulation of goals and objectives should be one of 
the first steps in developing a drainage program. The County Planning 
Department has expressed an interest in working on county drainage goals 
and objectives and it is anticipated that this work will begin in the 
near future. 
When the personnel within the Public Works Department were asked 
about goals and objectives they stated that their major goals were to 
prevent drainage problems that affect homeowners and save County mainte-
nance money. 
Current Level of Service. As part of their drainage program, 
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Clayton County provides the following services: 
1. Review plans for approval of development permits (taking into 
account zoning and subdivision regulations), inspect work for 
compliance during construction, and make on-site inspection 
and review of "as built" drawings for final acceptance of work. 
2. Provide emergency response to flooding situations, rendering 
such assistance as is necessary and possible to minimize 
hazards to life and property. 
3. Maintain function of existing drainage structures and facili-
ties specifically accepted for County maintenance; repair, 
modify or replace existing obsolete structures to extent of 
capability. 
4. Provide technical assistance to the residents of the County 
to help alleviate drainage problems. 
Methods Used in Drafting Clayton County's Regulations. The exist-
ing subdivision regulations, zoning resolution, and sediment control 
resolution in Clayton County, were drafted by the Planning Department. 
In drafting these regulations, the Planning Department used similar regu-
lations in DeKalb County and several other counties as guides. The 
Clayton County Public Works Department did review and comment on the 
draft of these regulations, but were not involved in the drafting or 
formulation of them. In addition, during the drafting of these regu-
lations input from engineers, either within or outside the County, was 
not solicited by those drafting the ordinances. A representative from 
the Soil Conservation Service did work closely with the Planning De-
partment during the drafting of the sediment control regulation. Other 
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than this, these regulations were predominantly the product of the Plan-
ning Department. 
Provisions of Clayton County's Regulations. The regulations now 
existing in Clayton County to control drainage are the Clayton County 
Land Subdivision Regulations and Zoning Resolution. The subdivision 
regulations limit development in areas where drainage problems exist, 
give specific standards for storm drainage design, limits development on 
land subject to flooding (as determined by the County Engineer), and 
give maintenance regulations. 
The Clayton County Zoning Resolution has a section entitled Flood 
Plain Restrictions. This section gives information relative to determin-
ing flood plain areas, restrictions on building in these areas, limi-
tations on cutting and filling operations in these areas, and flood plain 
uses allowed. 
In addition to these Regulations, the County has adopted a Sedi-
ment Control Resolution. This resolution requires sediment control 
measures for all developments, list information to be submitted (plans, 
reports, etc.), design principles to be followed for effective sediment 
control, development standards, permits required, and maintenance pro-
visions. For development standards, Clayton County uses the SCS publi-
cation, "Manual of Standards and Specifications for the Control of Soil 
Erosion and Sediments in Clayton County, Georgia." 
Hydraulic and Hydrologic Studies. The Public Works Department 
only requires hydraulic and hydrologic studies when they feel there is 
a specific need for them. Thus, it is left up to the discretion of the 
County Engineer as to whether such studies are required for a given 
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development. The studies that have been completed used as a basis 
Talbot's Formula or the Rational Method. Most of these studies have 
been concerned with calculating the size of storm culverts and channels 
and not with calculating flood plain limits or retention storage. 
Drainage Plans. On April 10, 1973, a memorandum was sent from 
Jack Wells (Chairman of the County Commissioners) to the Public Works 
Director and Chief Building Inspector stating the following: 
Effective immediately, the Public Works Department 
will review drainage plans for all multi-family, com-
mercial and industrial development before building 
permits are issued. This review will be similar to the 
subdivision plat review now in operation. Periodic in-
spections will also be made by the Public Works De-
partment to see that approved drainage plans are com-
plied with, and the final inspection by the Building 
inspection Department will not be completed until the 
final drainage inspection is made by the Public Works 
Department. Signed letters or plans will be sent to 
the Chief Building Inspector by the Public Works De-
partment indicating reviews and inspections have been 
made and approved. 
Detention Storage Basins. The Clayton County personnel inter-
viewed expressed the opinion that something would have to be done to con-
trol the increased runoff from developing areas within the County. At 
this time though, the County is taking a "wait and see" attitude con-
cerning the use of detention storage as a means for controlling this run-
off. The feeling was expressed that since detention storage was being 
extensively used in several other Atlanta Metropolitan Counties, Clayton 
County would wait and see how effective these installations proved to be 
before requiring the use of storage facilities in future developments. 
Flood Plain Area. Clayton County uses the 100-year storm as the 
design storm for designating the flood plain areas. The U.S. Army Corps 
of Engineers have completed flood plain reports that cover about half 
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of the flood plain area within the County. The County uses the Soil Con-
servation Service Soil Maps for the remaining areas. Although the County 
doesn't have any accurate records concerning development 
within the flood 
plain, they estimate that there are 75-100 residential units, 5-10 small 
commercial units, and no industrial installations existing in flood plain 
areas. 
Regulating Utilities in the Flood Plain. Clayton County does not 
have any regulations controlling the installation of utilities within 
flood plain areas. The County has only experienced minor problems with 
existing installations and does not foresee any major problems in this 
area. 
Drainage Complaints. The Public Works Department receives about 
10-15 drainage complaints per week. Most of these complaints concern 
flooding from small head water streams and not the major streams within 
the County. 
Drainage and Erosion Problems. Following are some of the major 
drainage and erosion problems that were discussed with the County person-
nel. 
1. There is a need for flood plain studies for the small rivers 
and creeks within the County. 
2.
It is difficult to get developers to control erosion and sedi-
mentation problems without an ordinance. 
3. Drainage is neglected too often during the development of 
projects. 
4. Drainage has to work as a system and the County should have 
more authority within the areas outside of the County 
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right-of-way. 
5. The Public Works Department feels that the existing ordinances 
are inadequate and not specific enough (this comment was prior 
to the adoption of the sediment control resolution). There 
is a need for more stringent technical specifications. 
Concluding Remarks  
Clayton County is just beginning to formulate their drainage 
program. The Public Works Department has, within the last three years, 
hired several qualified personnel so they can put forth an effective 
drainage program, from a technical and administrative perspective. 
At the present time, the County officials are trying to hold back 
the pressures from the local citizens to enact an immediate and quickly 
put together drainage program. The County officials realize that they 
will be dealing with the results of whatever program they enact for many 
years. Because of this, they have taken the position of slowly evolving 
their program and benefiting from the experiences (both good and bad) of 
their neighboring metropolitan counties. 
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APPENDIX B 
FAIRFAX COUNTY, VIRGINIA 
Fairfax County's geography is such that almost all of the lands 
constituting the drainage basins of the streams within the County lie 
within the County's boundaries. The County Development Department has 
divided the County into 30 major watersheds (Figure B-1). Twenty-five 
of the major watersheds lie wholly within the County while the other 
four drain into or from Loudoun County to the northwest of Fairfax Coun-
ty. Eventually all of the water from Fairfax County drains into the 
Potomac River and on to the Atlantic Ocean. The topography within Fair-
fax County is characterized by gently rolling countryside. 
Extent of Drainage  Problem  
Fairfax County does not have any accurate records or maps which 
show how much development is now existing within the 100-year flood 
plain. Several of the County personnel interviewed stated that there 
was a significant amount of existing development within the flood plain. 
This was borne out when hurricane Agnes passed through the County in 
June of 1972 resulting in an estimated 25 million dollars worth of 
damages, far more than in any other county in the state (1). In many 
areas of the County the real tragedies occurred along the small tribu-
taries. Every creek and stream overflowed its banks damaging adjacent 
land and property. 
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Figure B-1. B-1. Fairfax County, Virginia - Major Drainage Basins 
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erosion and siltation. Fairfax is one of America's most rapidly growing 
counties, population-wise. About 30 percent of its area is already built 
up, and 35 percent is in the process of development (2). Records to show 
the extent or severity of these problems were not available but a com-
plete discussion of Fairfax's erosion and sedimentation control program 
is included later in this study. 
Drainage problems within Fairfax County are administratively 
handled quite differently than in the other areas studied. Thus, a brief 
discussion of the administrative organization existing in Fairfax County 
is necessary. Drainage problems are handled either by the Department of 
County Development or the Department of Public Works. 
Department of County Development  
The Department of County Development was established in 1969 to 
place the regulation of land use under a single organization. This De-
partment controls land development in accordance with Board of Super-
visors' policies and adopted ordinances, from zoning of land through the 
processing of plats, plans for subdivisions, commercial, multi-family 
and industrial development, to the issuance of residential and non-resi-
dential use permits. 
The County Development Department is divided into five major divi-
sions (administrative services, mapping, inspection, zoning administra-
tion, and design review) of which the Division of Design Review is of 
most interest to this study. County ordinances establish standards for 
development of property, including such matters as grading, lot layout, 
street patterns, location of structures, street construction design, 
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storm and sanitary sewer design, and similar features. 
The Division of Design Review enforces these ordinances by review-
ing and approving plans for new subdivisions, commercial, and industrial 
development within the County. This division also administers the as-
signment of street names and addresses, reviews building permits to ensure 
that the proposed grading will preclude drainage problems and to ensure 
that no houses are constructed within a flood plain, and issues utility 
permits for work in dedicated rights-of-way. This division also reviews 
plans for erosion and siltation control. 
When fully staffed the Department of County Development employs 
311 personnel. Within the Division of Design Review are employed 20 
Engineers (10 of these are registered professional engineers and 6 have 
done some graduate work in engineering). 
Thus, the Department of County Development and more specifically 
the Division of Design Review deals with most of the subjects that are 
of concern in this study. 
Department of Public Works  
The County Department of Public Works is responsible for sanitary 
sewerage facilities, all County facility design and construction (ex-
cept schools facilities), land acquisition for the County Government, 
storm drainage maintenance, collection and disposal of solid waste, leaf 
collection, planning and development of street lighting, and school side-
walk projects. 
The Department of Public Works, whose primary functions are in 
the area of maintenance, receives and processes approximately 100 com-
plaints per month. Although this is a significant number it represents 
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only about half as many complaints as were reported by DeKalb County, 
Georgia. 
Fairfax County Flood Control Program 
Until 1972, the philosophy of the County concerning its flood con-
trol program remained relatively unchanged from when the County first 
drafted its original drainage ordinance in 1963. In 1972 the County's 
long standing policy of getting the water off the land and into the 
drainage system and then out of the watershed as fast as possible changed 
to a concept of retaining the flood waters in order to: 
1. recharge this storm water into the ground water system, 
2. reduce the peak flood flows and the size of the required 
drainage system downstream. 
Thus the present County ordinance contains essentially the same general 
policies as the 1963 ordinance except for this recent interest in storm 
water retention. 
Goals and Objectives of the Flood Control Program  
The County has not specifically stated any long or short term 
goals and objectives for its flood control program. A major drainage 
study now in progress does have as one of its objectives the formulation 
of goals and objectives for Fairfax County's drainage and flood control 
program. From interviews with County personnel the following items 
represent the general opinion of what these goals and objectives might 
be: 
1. Control storm water and keep it out of existing and proposed 
development. 
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2. Minimize the possible damages from major flooding. 
3. Provide for the safety of existing and proposed developments. 
4. Continue development of the area without creating environ-
mental problems. 
5. Develop a comprehensive drainage plan for the County to 
handle storm runoff safely and efficiently. 
6. Regulate development so as to prevent an increase in runoff 
rate from the development site. 
Evolution of the Fairfax County Drainage Ordinance 
The manual that contains the County Drainage Ordinance is entitled, 
"Policies and Guidelines for the Preparation of Subdivision Plans and Site 
Development Plans". The Board of County Supervisors in 1958 directed the 
Department of Public Works to prepare this manual. The guidelines and 
other information contained in this publication include the basic infor-
mation that the Department of Public Works then had available and also an 
updated version of the check lists for drainage design developed by the 
Division of Streets, Drainage and Subdivision Design, over a period of 
years. This manual has been reviewed by Professional Engineers practic-
ing in the County, and their recommendations were incorporated when 
possible. 
The Public Works Department kept this manual updated from 1958 to 
1969. At this time there was a reorganization of the County government 
and the Department of County Development was assigned this function. 
The Engineers from both the Public Works Department and the Department 
of County Development have had considerable input into the existing ordi-
nance. Although no formal studies or research were done during the 
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dralttng or updattng of this ordinance, the County has made it a policy 
h) kett In c1()FIc touch with other polltIcal entItIcs throughout ttw 
country in order to benefit from their efforts and experiences in the 
area of urban drainage. 
Fairfax County's Office of Comprehensive Planning has also been 
involved in the overall drainage program but in an advisory capacity. 
This office has been very active in land use planning and projections 
which are essential to any drainage program. 
In addition, the Board of County Supervisors also established a 
continuing review committee to evaluate the guidelines contained within 
this manual. This committee consisted of one representative from each 
of the following organizations: 
1. Department of Public Works, Fairfax County, 
2. Northern Virginia Chapter of the National Society of 
Professional Engineers, 
3. Northern Virginia Builders Association, 
4. Mt. Vernon Chapter of the Virginia Association of Surveyors, 
5. Home Builders Association of Suburban Virginia, 
6. Fairfax County Federation of Civic Associations. 
In 1972 Fairfax County adopted a new Public Facilities Manual 
which contains a section on Drainage. This section gives detailed cri-
teria on drainage design, studies required, flood plain calculation, and 
miscellaneous development standards. In addition to this manual, the 
County has also formally adopted several policies that are directly 
related to this study on urban drainage ordinances. Following is a 
description and discussion of these policies. 
Policy on What May be Done in Flood Plains. It is recognized 
that some improvements must be made within flood plains, streams 
and/or drainageways in such a manner that the increased runoff 
from changes or improvements within the watershed may be accom-
modated without unacceptably elevating flood plain or stream 
levels particularly within improved or developed areas. This 
may take the form of stream bed clearing, removal of obstructions, 
reduction or constrictions, stabilization of stream bottoms and/ 
or banks or areas to eliminate or reduce erosion, widening deepen- 
ing or realigning of streams to provide the necessary hydraulic 
characteristics to accommodate the anticipated stormwater flow 
without damaging adjacent properties. These improvements should 
include the removal of silt and debris which may clog or damage 
downstream drainage structures or property, the filling or drain-
age of ponding areas and stagnant pools which are potential 
vermin shelters and mosquito breeding areas. Recognizing the 
right of a land owner to the full lawful use of his land and the 
County's responsibility for the protection of the health, safety 
and welfare of its citizens, back water areas may be filled when 
they are not required as safety valves or temporary retention 
reservoir to control downstream runoff intensity so long as the 
necessary drainageway is preserved and filled or excavated areas 
are adequately stabilized against erosion. 
You can develop and build within the flood plain if the floor 
level of all structures is at least 18" above the flood level. In other 
words you can construct the buildings on stilts or piers and these can be 
placed within the flood plain. The ordinance also allows filling within 
the flood plain as long as the hydraulic characteristics of the flood 
plain are not changed. Equal amounts of storage must be provided to 
compensate for the storage that is lost due to the filling. 
There are no specific regulations within the ordinance dealing 
with the location of pipes and utility lines crossing the flood plain. 
Although these installations can sometimes obstruct flows, the County 
personnel reported that they have not experienced any problems with 
these installations. 
Policy on Retention of Storm Waters. It is the intent of this 
policy to encourage the use of various methods for the on-site 
retention of storm waters in the interest of minimizing the 
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adverse effects of increased storm water runoff, (resulting 
from development of land within the County), on downstream 
drainage ways such as stream valley parks and natural flood 
plains. Some methods are discussed in the following para-
graphs but new approaches to accomplish this are to be en-
couraged. 
Temporary on-site retention of storm water is desirable in 
many cases to alleviate existing downstream drainage problems 
when the system is clearly inadequate and its expansion is 
either financially prohibitive or aesthetically unaccepta-
ble. 
The release rate from any temporary ponding area should ap-
proximate that of the area prior to the proposed development 
for the design storm, but adequate alternate drainage mast 
be provided to accommodate major storm flows. 
The roof tops of buildings may be used for this purpose but 
care should be taken to design the buildings to accommodate 
the additional live loading involved. 
Retention pools or basins in parks (subject to the approval 
of the Park Authority), playing fields, parking lots or 
storage areas can be constructed to reduce peak runoffs 
downstream by providing temporary on-site storage. Care 
must be taken to see that such temporary ponds do not become 
nuisances or health hazards. The maintenance responsibility 
will be clearly stated on the plans. 
Previous material may be used where practicable as an al-
ternative to parking area paving, which would allow the storm 
water to be more readily absorbed by the ground rather than 
adding to additional runoff. This practice is not applicable 
to areas where a high water table exists or where subsoil 
conditions are not suitable. 
This policy was adopted by the Board of County Supervisors on 
September 18, 1972 and has been interpreted by the County so that storm 
water retention-detention facilities must be evaluated for all storm 
drainage plans proposed for development in the County. This policy super-
sedes the 1971 County policy of requiring the installation of temporary 
storm water detention ponds only for development in areas where downstream 
storm drainage systems were not adequate to receive the increased runoff 
being generated by the upstream development, and definite planning was 
not available for improvement of the inadequate downstream drainage 
system. 
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The County has not established any rigid standards to be used in 
designing the required detention basins. Each application is looked at 
separately and the best possible solution is determined for that appli-
cation. 
If a developer decides not to use retention storage then he must 
show that the increased runoff from his development will not overtax the 
existing drainage system downstream or that it is impossible to "reason-
ably" incorporate retention storage within or downstream from his develop-
ment and that another solution is possible. 
The first storm water retention facility constructed in Fairfax 
County was Lake Anne located in Reston, Virginia. Lake Anne is designed 
to receive a peak 100-year inflow of 3,350 cfs and discharge it at a 
maximum rate of 600 cfs. This controlled discharge from Lake Anne, which 
flows into Lake Fairfax, was given credit for saving Lake Fairfax from 
complete destruction during the Hurricane Agnes storm in June, 1972, 
which topped the Lake Fairfax dam, destroyed the dam's spillway and about 
200 feet of the dam's downstream slope. Reston has installed a second 
retention facility, the Upper Snakeden Dam, and has approved plans to 
enlarge the Lower Snakeden Dam and convert it to a better retention 
facility. It is anticipated by the County that these three dams will 
create fine recreational facilities, high priced lake-front lots, as well 
as excellent storm water retention facilities. 
In compliance with the 1971 Fairfax County policy which required 
the installation of temporary storm water detention ponds for development 
in areas where downstream storm drainage systems were not adequate to 
receive any increased runoff, three detention ponds were constructed at 
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Tyson's K-Mart, Oakton Shopping Center, and Sunset Village. These ponds 
were also used as silt control structures. The ponds were all in 
operation during Hurricane Agnes and provided adequate storage capacity 
for this storm. It is anticipated by the County that these ponds will 
continue to provide detention storage until downstream drainage systems 
are improved. 
In addition to these privately constructed storage facilities, 
Fairfax County adopted the Pohick Watershed Plan in the late 1960's and 
in cooperation with the Soil Conservation Service and landowners, are 
proceeding with the construction of 8 retention dams in this watershed. 
To date, Lake Braddock, Dam No. 7, has been completed, Dam No. 8 is under 
construction and construction bids are being taken for Dam No. 4. 
Policy on Off-Site Drainage Improvements. In the interest of 
the health, safety and welfare of all, when the appropriate 
land use has been determined for any area to be developed, the 
County reserves the right to require the developer to show 
that off-site downstream drainage can be accommodated (con- 
sidering the planned development of the contributing watershed) 
without damage to existing facilities or properties before such 
development is approved for construction. 
Where a developer chooses to contribute his proportionate share 
towards the correction of off-site outfall deficiencies, the 
County may accept such contributions towards their correction, 
and accepts the responsibility to its citizens for the initi-
ation and prosecution of projects for the alleviation and/or 
correction of storm drainage deficiencies insofar as funds can 
be made available for their accomplishment. The proportionate 
cost of such downstream improvements is represented by the ratio 
that the runoff from the property, when developed, bears to the 
total runoff-off expected within the watershed or affected 
portion thereof. 
Where the developer choses to either construct or provide the 
funds for the construction of more than his proportionate share 
of the downstream off-site drainage improvements so that he may 
proceed with the improvement of his land without damaging the 
properties of others, the County will endeavor to collect, on a 
pro-rate basis, any excess funds expended beyond his proportion-
ate share of the cost of such improvements from other properties 
within the watershed served by such drainage improvements when 
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such properties are developed within a period of ten years 
from the date that the drainage improvements are financed 
or constructed and to turn these funds without interest 
over to the initial developer or his assigns. 
This policy has been in effect since 1963 and the County reports 
no problems with enforcing it or getting the necessary cooperation from 
the developers involved. 
Policy on Proportionate Cost - Off-Site Drainage Improve-
ments. Development within a watershed involving a change of 
land use therein, is normally associated with an increase in 
impervious areas resulting in a greater quantity as well as 
a more rapid and frequent concentration of stormwater runoff. 
The construction of storm drainage improvements will be re-
quired along waterways as shed development progresses to al-
leviate flood damage and arrest deterioration of existing 
drainageways. The extend and character of such improvements 
shall be designed to provide for the adequate correction of 
deficiencies, and will extend downstream to a point where 
damages to existing properties ascribable to the additional 
runoff will be minimized. 
For the purposes of prudently providing for the orderly de-
velopment of drainagesheds and establishing a usable facility 
along waterways that may be reasonably maintained, the fi-
nancing of required improvements will be pro-rated over the 
contributing area. 
The proportionate cost of off-site drainage improvements at-
tributable to existing and proposed developments will be based 
upon the project cost of those downstream facilities that 
function to convey the stormwater runoff originating within 
the contributing shed limits of the development, and in the 
proportion that such runoff bears to the total being con- 
veyed. 
To facilitate the computations for pro-rating drainage costs, 
impervious area may be substituted for runoff quantities. 
The cost of off-site downstream drainage improvements at-
tributable to an acre of impervious area shall be based upon 
a distribution of the total downstream improvement cost over 
the entire impervious area within the contributing shed. 
The impervious area will be determined from the most current 
and expected land use plans. The cost distribution shall be 
derived by dividing the contributing impervious area into the 
improvement cost of each downstream reach and preparing a sum-
mation of the same. 
To fully understand the meaning of this policy some further dis-
cussion of pro-rata costs is needed. It is the policy of the County 
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that the Board of Supervisors initiates all plans where pro-rata can be 
used. In other words the County has designated certain areas of the 
County where pro-rata cost sharing can be used and other areas have not 
been so designated at this time. It is anticipated that the entire 
County will be included in the pro-rata system in the near future. After 
an area has been designated by the Board, a private engineering con-
sultant firm is retained to design the engineering works needed to handle 
the anticipated surface water that will be generated from the planned 
ultimate development of the area. 
This engineering consultant firm determines the following for 
each watershed involved: 
1. The extent of improvements needed within each watershed. 
2. The costs associated with these improvements. 
3. The cost/impervious area - Each watershed is divided into 
sections perpendicular to the driection of the natural chan-
nel. The distance that each section runs up and downstream 
is not a constant but varies in an attempt to divide the 
watershed into sections where the flows within each section 
will not vary greatly. (e.g., if a major tributary enters 
the main stream this would be a probable point where a new 
section would begin). After the sections have been desig-
nated then a cost/impervious area for each section is de-
termined. Since the County feels that upstream developments 
use more of the drainage system to convey their runoff to 
the nearest outfall than downstream development, they are 
assessed at a higher rate (cost/impervious area) than the 
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downstream development. Thus the development furthest up-
stream pays the highest assessment while the development 
adjacent to an outfall pays the lowest. The selection of a 
cost/impervious area for each section is somewhat subjective 
and judgment plays a major role. 
In order to obtain some uniformity in the calculations of 
impervious areas for different developments the County has 
set up some standards. These standards state the amount of 






some of the standards used by the 
% Impervious 
8400 sq. 37 
10500 sq. ft. R-10 36 
12500 sq. ft. R-12.5 28 
17000 sq. ft. R-17 25 
21000 sq. ft. RE-1 20 (1/2 acre or more) 
Schools 50 





Thus to obtain the pro-rata cost for a particular development the 
following formula would be used: 
Total area (in acres) 	X 	% Impervious 	X Cost/Impervious 
Area 
Hydrologic Studies  
The rational formula (Q=CIA) is recommended by the County for de-
termining quantities of runoff for areas up to 200 acres. The Anderson 
formula (Q...230KRAxT- 0.48. ) is recommended for determining quantities of 
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runoff for areas greater than 200 acres. The 200 acres is somewhat of 
an arbitrary cutoff' point but it represents the lower limit recommended 
by Anderson when using the Anderson formula. 
The County feels that the rational method has given satisfactory 
results since they have not experienced any major failures of the struc-
tures designed by this method. There has also been very little mainte-
nance and related problems caused by these structures. 
To designate their flood plain the County previously used a 10-
year design storm with 2 feet of freeboard, but they now use a 100-year 
design storm with no free board. In several areas the County found that 
the area inundated by the 100-year storm would be less than that esti-
mated by using the 10-year storm with 2 feet of freeboard. The U.S.G.S. 
did most of the design work in determining the 100-year flood plain for 
the major streams (drainage areas of 1 sq. mi. and larger). The U.S.G.S. 
based their design on the Anderson formula. When a developer wants to 
develop an area that is not covered by these studies then he must calcu-
late and determine the location for the 100-year flood contour elevation 
and submit this calculations to the County for approval. 
Fairfax County does not recommend any particular method for design-
ing detention storage facilities. The County does feel that some hydro-
graph analysis is necessary for an adequate design of such a structure. 
The Soil Conservation Service's hydrograph analysis method has been used 
in designing several of the storage facilities now in use. The County 
emphasizes the fact that this concept of retention storage is new to 
them and they are open to new designs and procedures. At this point in 
the County's development of procedures regarding retention storage they 
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are approaching each application as an individual case and using the best 
design to fit that situation. 
Erosion and Sediment Control Program  
The County's erosion and sediment control program got its start 
in 1962 when the Soil Conservation Service assigned a soil scientist to 
the County for the expressed intention of dealing with some of the 
problems of erosion and sedimentation from construction areas. Before 
this, the SCS was used only to assist farmers with their conservation 
problems. In 1966 the County drafted a very general erosion control 
ordinance. Since that time Fairfax County has been very active in the 
area of erosion and sediment control and their present ordinance and 
Erosion-Siltation Control Handbook have been used by many other cities 
and counties. The County realizes that new techniques and methods for 
erosion and sediment control are constantly being researched and develop-
ed and that any program must remain flexible in order to incorporate 
these advances. This attitude can best be seen by reading the "note" 
at the beginning of their Erosion-Siltation Control Handbook: 
This handbook retains its "draft" label because of the amount 
of experimental work being done in urban erosion and siltation 
control and the continued difficulty in setting specific 
quality standards. 
Erosion and Siltation Control Ordinance  
Fairfax County's current Erosion and Siltation Control Ordinance 
includes the following: 
1. requirements stating when erosion and sediment controls are 
required, 
2. plans and specifications required, 
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3. bonding requirements, 
4. policies and guidelines pertaining to erosion and sediment 
control, 
5 a five stage process for submitting development plans includ- 
ing submittal and review of preliminary and final plans, 
6. detailed list of typical measures to be used for erosion and 
sediment control. 
General Comments Concerning Erosion and Sediment Control Program 
Fairfax County has developed a keen interest in the area of 
erosion and sediment control which can be seen in the magnitude and 
scope of their ordinance and program. The neighboring counties in 
Maryland also have extensive programs in this area, and Fairfax County 
officials have availed themselves of much of the experience that the 
Maryland counties have had. 
Fairfax County uses several methods to control erosion and sedi-
mentation. Sediment basins, dikes, straw, mulch, and seeding are the 
methods usually used and the ones that have produced the best results. 
The County feels that the best approach to the problem is the combined 
use of seeding, mulched dikes, and some storage facilities (used for 
both storing storm water and also as a sediment basin). The County 
normally requires that the developer seed and mulch all exposed areas 
60-90 days after it is cleared but this restriction has not been strict-
ly enforced. In setting time limits within which cleared areas must be 
seeded and/or mulched, several of the County personnel expressed the 
opinion that it might be better to vary these limits according to the 
soils, topography, time of year, etc., but the County doesn't at this 
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time. Temporary vegetation and mulching is required if the site is 
cleared and it is expected to lay idle for some period of time before 
development. The County uses a 10-year design storm for all sediment 
basins. 
The County has not studied the effectiveness of the measures they 
use except for inspections of the site during and after development and 
visual effects downstream. No research has been done to determine how 
much sediment is trapped and how much passes through to downstream areas. 
The County does have a program for periodic sampling of the major lakes 
and streams but this is used to determine general trends in sediment 
production and not to test the effectiveness of any specific methods. 
County personnel feel that the major problem with their erosion 
and sediment control program is the inspection. Most of the inspection 
is done as a result of a complaints, "after the fact" when little can be 
done. In addition, utility inspectors are used as inspectors for erosion 
and sediment control and usually lack the experience necessary for ef-
fective inspection within this area. Twice a year the County Develop-
ment Department does give an erosion and sediment control refresher 
course to its inspectors in an effort to correct this situation and pro-
vide interaction between the Plan Review Section and the Inspection 
Department. 
Comprehensive Plan for Flood Control and Drainage  
In May, 1972, the Fairfax County Board of Supervisors retained 
Parsons, Brinckerhoff, Quade and Douglas, Inc., as its flood control and 
storm drainage consultant, to prepare a Comprehensive Plan for Flood 
Control and Drainage for the watersheds of the County. The development 
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of this Master Plan will be based on the overall philosophy that storm 
water runoff is a resource to be used in as many ways as possible within 
the County before passing it to the downstream channels. Dynamic flood 
and drainage models will be developed for each drainage basin. Those 
land areas of the County that are committed to be used as floodways will 
be planned for every multiple land use that may be identified to benefit 
the County, such as linear green belts or fenways, developed recreation 
areas, open park areas, and siltation control facilities. 
The Consultant will develop a detailed work program for the Master 
Plan for Flood Control and Drainage for Fairfax County. Within the pro-
cess, specific criteria will be developed with the County to aid in set-
ting objectives. Available data will be assembled and evaluated for its 
use in the study. Liaison with concerned agencies will be established 
by the Consultant. 
Specifically, the Consultant is to provide a general overview of 
County drainage work and a review of drainage plans submitted in the 
name of various developments, to determine general adequacy of these 
plans and their compatibility with County drainage objectives. Existing 
drainage programs are also to be reviewed to determine their effect upon 
and compatibility with County drainage objectives. The Consultant is to 
develop, through special studies, solutions to siltation and debris con-
trol problems. Variations on the general concept of detention basins 
will also be explored. New drainage program concepts will be developed 
and analyzed. The concept of storm runoff as a resource out of place 
will be pursued in finding productive and useful purposes for the storm 
water. Other special studies will be performed as the need for them is 
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defined. 
The Consultant will consider the need for a project/public aware-
ness program that will have the purpose of including the ideas and con-
cerns of the citizenry of Fairfax County in the development of planning 
concepts. The awareness of the general public of the problems of flood 
control, siltation, debris, detention basin operation, flood waters di-
version and use, etc., may also be made the concern of the Consultant. 
For each drainage basin within the County, as defined by the 
County, a basin drainage plan is to be developed. The plan will include 
a dynamic flood waters and drainage model of the basin and a set of flood 
control improvement projects which may become active as growth and changes 
in land use take place. Specified water surface and peak flow discharge 
limits for the design storm will provide the basic control on runoff 
changes with changes in land use. The County will establish the priori-
ties in which the various drainage basins will be studied. 
Subsequently, the Consultant will prepare the County Master Plan 
for Flood Control and Drainage which will integrate and incorporate the 
various individual basin plans into a single comprehensive, county-wide 
plan. Recommendations for changes in the County Code to implement the 
results of the Master Plan will be prepared. 
The Consultant will prepare Environmental Assessments as required 
to support the on going program of flood control and drainage planning 
and to assure that environmental concerns are properly included in the 
planning program. 
In the development of the County Comprehensive Master Plan for 
Flood Control and Drainage, the Consultant will give major emphasis to 
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the following: 
A. The use of mathematical/computer modeling methods for water-
shed evaluation and management. 
B. A review of the County's methodology of calculating storm 
water runoff, both locally and on a basin basis. 
C. The concept of retaining initial storm water flows on-site 
to the maximum extent possible. 
D. The evaluation of ground water hydrology within the County 
and ways in which the ground water may be added to through 
accelerated storm water infiltration. 
As a general consultant to the County, the Consultant will serve 
in implementing the design and construction of those physical facilities 
that are identified to be required for flood control and drainage. 
Facility design and technical inspection of construction by others will 
be overseen and guided by the Consultant, as agent for the County. Se-
lection of Section Engineers to prepare specific designs will be made by 
the County. Other assignments relating to flood control and drainage 
within the County of Fairfax will be performed by the Consultant as 
directed by the County. 
Fairfax County feels that this broad scope of activities for the 
County's Drainage Consultant will result in Fairfax County having the 
most comprehensive, environmentally sensitive, economic plan for flood 
control and drainage of any area in the country. 
In this study, the consultant will consider anticipated develop-
ment in the years 1980, 1990, and 2000 and propose drainage facilities 
for the entire County under these development conditions. A pro-rata 
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system of cost sharing will then be set up for the entire County to cover 
the cost of these facilities. Each drainage system and sub-section will 
have its own costs depending on the drainage facilities needed. 
The consultant is using the MIT Catchment Model to simulate the 
hydrology within the different watersheds. This model can be used to 
detect a change in land use of 50 acres or more. The model will be used 
to look at both changes in peak flows and volumes under varying conditions 
of land use. Thus the County will be able to use this model to test dif-
ferent alternatives to its development pattern. In addition, with the 
use of pro-rata in combination with the model results the developer will 
then be paying for the actual changes in the peak flows and volumes of 
flows that result directly from this development. 
Problems Encountered in the Application of Fairfax County's Drainage and  
Erosion Program  
Inspection seems to be the major problem with the County's program. 
The County personnel report that both the quantity and quality of in-
spectors need to be improved. They report that many projects are not 
constructed according to the plans because of the lack of adequate in-
spection. Erosion and sediment control measures are not maintained 
during the entire construction process and thus at times, they become 
ineffective or inoperative. In addition, many of the County regulations 
concerning erosion and sediment control (e.g., mulching, seeding, use of 
other sediment control methods) are not strictly enforced. 
This problem of poor inspection is complicated by the fact that 
the engineers and designers within the Design Review Section do not have 
the time to do much inspection of the projects. Thus there exists a gap 
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between the review of the plans, proposed procedures and methods, and 
the actual implementation in the field. 
Several interviews were conducted with local engineering con-
sultants to get their views of the County's program. Generally the con-
sultants were in agreement that Fairfax County was a "leader" in storm 
drainage and erosion control and that their overall program was good. 
The consultants felt the County program allowed the flexibility that the 
engineers needed to design the best drainage system for each development, 
and that the ordinances were not so restrictive as to usurp judgment 
from the engineer. 
The consultants felt very strongly that the engineer should be 
able to express his opinion whether or not on-site storage should be 
used to solve a given drainage program. They felt a blanket rule of on-
site storage for every development is not a good solution to drainage 
problems, because some sites may not have suitable areas for storage 
facilities and another solution might be much better from an engineering, 
economic or aesthetic point of view. 
Although the consultants agreed there were no major changes they 
would like to see in the County's program there were several areas in 
which they expressed some concern: 
1. More hydrologic research should be done within the County. 
2. Research should be done with regard to maintenance and 
economics of different drainage structures. 
3. Study and research is needed in the area of on-site storage. 
4. Study the possible problems with using roof top storage 
(specifically with regard to freezing and possible buildup 
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problems). 
The consultants agreed that inspection was the major problem with 
the County's program. Some possible solutions to this problem that they 
brought out were: 
1. Hire a consulting firm to do the inspection. 
2. Better train the inspectors, two year technical graduates 
might make good inspectors. 
3. Have the professional engineer that works on the design also 
be responsible for some of the inspection. 
Concluding Remarks  
For years Fairfax County has shown much concern in the area of 
erosion and sediment control. Along with their neighboring Maryland 
Counties they were one of the first areas in the country with many facets 
of their program. At the same time the philosophy that permeated their 
drainage program was one of conveying the water off the site and into 
the drainage system as fast as possible. Today this philosophy is chang -
ing to one of trying to keep the runoff on the site and slowly discharg-
ing it into the drainage system. Thus through a process of many years of 
evolution the County now has extensive ordinances covering drainage and 
erosion control in conjunction with several handbooks and other literature. 
One of the major differences between the Fairfax County p rogram 
and that found in the Atlanta Metropolitan Area is maintenance. Fairfax 
County maintains the entire drainage system except for retention ponds 
constructed on industrial or commercial land, which are maintained by 
the property owners. If these ponds are not maintained the County will 
go in and maintain them and put a lien on the property to cover the costs 
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Incurred. Retention ponds constructed in residential areas are main-
tained by the County. The County also does not maintain the drainage 
facilities that are within the State's highway system right-of-way, 
since these are maintained by the State. 
The County does not have jurisdiction within the incorporated 
areas of the Cities of Fairfax, Vienna, Falls Church, Clifton, and Herden 
but it does maintain the drainage system within these areas. 
Fairfax County's drainage and erosion program has many strong 
points which were brought out in the previous discussions. Most of the 
problems that have been encountered resulted from a lack of enforcing the 
provisions of the program rather than a weakness in the program itself. 
As in several of the other areas studied, the one major weakness of the 
overall program is the lack of setting and clearly defining the goals 
and/or objectives. This problem may stem from the lack of input that 
planners have had in the County's program. The planners input has been 
confined to designing the Master Land Use Plan for the County, which is 
then used as the ultimate development for the hydraulic and hydrologic 
studies. 
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The following case study covers the area in and around the Chicago 
Metropolitan Area under the jurisdiction of the Metropolitan Sanitary 
District of Greater Chicago. 
General Topography of the Chicago Area  (1) 
The Chicago area is relatively flat and rolling. Ridges and 
divides are generally not distinct, and in effect are high-elevation 
plains. 
The streams generally flow parallel, to the lake shore. Most of 
the gradients are low; the streams wander in their courses and some often 
reverse direction of flow. The area is spotted with ponds and sloughs. 
Some of the streams flow in shallow beds and have wide flood plains and 
in only a few places have the streams eroded a prominent course. 
Major Drainage Basins (1)  
The Chicago area, as considered in this case study, consists of 
four major natural drainage basins. These basins and their subdivisions 
are shown on Figure C-1. 
The Chicago River system with its north and south branches drains 
basins (1) and (2), almost all of the City of Chicago, and many of the 
northern suburbs. The natural course did flow into Lake Michigan at 
downtown Chicago, but the course has been reversed and the basin now 
drains out the South Branch. 
218 
219 
? 1 it 2 4. F 
MILES 
Figure C-1. Chicago, Illinois - Major Drainage Basins 
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The DesPlaines River basin (portions of which are shown as areas 
3, 4, 9, and 10 and Figure C-1) is flanked by the Chicago River basin on 
the east, and the Du Page and Fox River basins on the west. The source 
of the river is in Racine County, Wisconsin, and the mouth is at the 
Illinois River, below Joliet, Illinois. 
The Calumet River basin (areas 4, 6, 7 and a part of la) lies near 
the southern perimeter of Lake Michigan. The Grand and Little Calumet 
Rivers parallel the lake, and have their confluence at the Calumet River. 
These rivers have been reversed and flow out the Calumet-Sag Channel. 
Formerly, they discharged to Lake Michigan at 90th Street. 
Lake Michigan and some of the contiguous land area is considered 
to be the fourth drainage basin. 
These four drainage basins have been subject to man-made changes 
and rerouting. However, although the outlet patterns have been greatly 
remodeled, the areas contributing to them have remained the same, except 
for areas along the Calumet-Sag Channel and areas in Indiana on the up-
per reaches of the Grand and Little Calumet Rivers. 
Drainage History (2) 
The direction of the natural drainage of the Chicago area is 
divided along a line roughly paralleling the Lake Michigan shoreline, 
lying from three miles in the north to ten miles in the south, from 
the shoreline. The easterly streams flow into Lake Michigan which is 
a part of the St. Lawrence River system. The westerly streams are part 
of the Mississippi River system. 
Sewerage and waste water from the Chicago area was originally 
deposited into the streams which followed natural courses to Lake 
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Michigan. Lake Michigan, in addition to being a basis for industrial and 
commercial vitality, is the source of most of the Chicago-area water sup-
ply. Epidemics and threats of epidemics of water-borne diseases in the 
mid and late 1800's necessitated a constant effort to maintain a pure 
water supply. 
The Illinois and Michigan Canal, constructed during the period 
1836-1848 as a navigation link between Lake Michigan and the Illinoi s 
 Waterway, did draw water out of the South Branch of the Chicago River 
for navigation purposes. This withdrawal had little effect upon the 
diversion of waste waters away from Lake Michigan because of the small 
hydraulic capacity of the I & M Canal. Due to the growth of rail tranpor-
tation, the I & M Canal was used relatively little after 1870. In the 
1840's another canal was constructed linking the South Branch of the 
Chicago River with the Des Plaines River near Riverside. This ditch, 
called the Ogden-Wentworth Ditch, received waters from the South Branch 
via a pumping station. This water then flowed westerly and into the Des 
Plaines River. Use of this facility did help in the diversion of waste 
water from Lake Michigan, but more significantly, prevented stagnant 
conditions in the South Branch of the Chicago River during times of low 
flow. During a large storm which hit the Chicago area in 1885, flood 
waters backed up through this Canal from the Des Plaines River into the 
Chicago River system, and thence into Lake Michigan. This storm made it 
obvious that the methods of diversion used up until this time were insuf-
ficient insofar as preventing pollution of Lake Michigan and insufficient 
in preventing overflow from the Des Plaines River which caused flooding 
in the Chicago area. Thereafter, the Sanitary District was formed and 
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the great works of improvement were undertaken, which caused the reversal 
of the River systems which emptied into Lake Michigan in the Chicago 
area. 
The Sanitary and Ship Canal, opened at the turn of the century 
(1900), provided an outlet for the maximum diversion predicted at that 
time. This great project effectively reversed the flow of the Chicago 
River, and carried its discharge through the Des Plaines River valley to 
the Illinois waterway. The later (1936-1938) construction of the locks 
at the mouth of the Chicago River created a positive control to prevent 
waters of the Chicago River from flowing into Lake Michigan. In addition, 
the construction of the Calumet-Sag Channel (1916-1922) provided an out-
let for the Calumet River system. 
The storm of October 1954, was the first instance since construc-
tion of the Chicago River lock when these channels were inadequate to 
carry drainage away from Lake Michigan. Three years later in 1957 there 
was another storm large enough that it was necessary to relieve flooding 
by allowing some of the runoff to flow into the Lake. Since 1957, storm 
discharge to the Lake has occurred with increased frequency. 
Many other channel developments have been made for the improve-
ment of flow in the drainage system. The North Shore Channel (constructed 
1908-1910) allowed dilution (with flusing water from Lake Michigan) of 
waste water discharged in the North Branch from the industrialized north 
side of Chicago, thereby maintaining flow in the North Branch of the 
Chicago River. At the downstream end of the Chicago Sanitary and Ship 
Canal, a hydroelectric power plant was built by the Sanitary District to 
develop a resource which was made available by virtue of the construction 
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of the Canal and the diversion of Lake Michigan water. The power plant 
had a rated capacity of 28,000 horsepower. In addition to the power 
plant, a lock was installed for waterway navigation and control gates 
provided for release of storm water when discharge in excess of the 
capacity of the power plant was required. 
The Chicago River has been improved to make it more suitable for 
navigation. The Calumet Rivers has also been improved for navigation. 
These improvements have also been improved for navigation. These improve-
ments have had an auxiliary effect of improving runoff capacity. 
Diversion from Lake Michigan, through the channels of the Sanitary 
District, was designed on the basis of 3.3 cfs per 1,000 population. The 
Channel was designed to accommodate 10,000 cfs which allowed for an ulti-
mate population of 3,000,000 people. In 1909, a Treaty was signed by the 
United States and Canada which allowed for a maximum diversion of 10,000 
cfs at Chicago. In 1925, litigation was begun by other Lake States to 
reduce Chicago's use of Lake Michigan water. The litigation resulted in 
a decree which reduced the water available to the Sanitary District and 
required the construction of Treatment Plants and the building of a lock 
at Chicago Harbor. Allowable diversion was reduced in successive stages 
to an annual average of 1500 cfs, beginning on January 1, 1938. Except 
for brief periods, this annual average has remained and has been adhered 
to until February 28, 1970. Litigation which began in 1959 resulted in 
another court decree handed down in 1967. This decree provided for an 
allocation of 3200 cfs Lake Michigan water, on the annual average, to 
the State of Illinois, beginning March 1, 1970. While the diversion was 
significantly increased, it is only an apparent increase as the new decree 
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included within the total both domestic, dilution, and the storm runoff 
water. Prior to that, the 1500 cfs limit included only dilution and 
storm runoff water. Actually, the 1967 decree resulted in no additional 
water for the Sanitary District or the State of Illinois. It did pro-
vide, however, that the State must use this water in the best possible 
way and exhaust all feasible means of exploiting other water resources 
and conserving existing resources before asking the Court for an increase 
in the diversion allotment. This may result in a reduced allowance to 
the Sanitary District for dilution purposes as the demand for domestic 
water increases. 
History and Functions of the Metropolitan Sanitary District  
of Greater Chicago (2)  
The Sanitary District of Chicago was originally organized under an 
act of the General Assembly of the State of Illinois, dated May 29, 1889. 
This act has been amended from time to time increasing or modifying the 
power of the District. In 1955 the name was changed to The Metropolitan 
Sanitary District of Greater Chicago (hereafter referred to as the Sani-
tary District). The Sanitary District now encompasses 90% of the area 
and 99% of the population of Cook County, Illinois. 
The Sanitary District is governed by a board of nine Trustees 
elected by the voters. Three are elected at large every two years for 
six year terms. The Board of Trustees elects from its membership a 
President and a Vice-President. The President has the power of veto over 
the ordinances passed by the Board. 
The main function of the Sanitary District is keeping sewage pol-
lution out of the water supply and collection and treatment of sewage to 
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avoid contamination of the Chicago, DesPlaines and Illinois Rivers. It 
exercises control over local sewerage systems but ownership, construction 
and maintenance of these facilities is left to municipalities or utility 
companies. It does, however, provide the main trunk lines for the col-
lection of sewage from local systems together with the treatment and 
disposal thereof. 
In addition to guarding the streams and waterways against pol-
lution, the Sanitary District has authority to assume some responsibility 
for providing adequate facilities to handle storm-water runoff within the 
area under its jurisdiction. The Sanitary District is supported by di-
rect taxation and may issue bonds for permanent improvements. It also 
has the power of eminent domain and police power. 
The Sanitary District originally comprised an area of 185 square 
miles with a population of 1,150,000 people. Today the Sanitary District 
comprises an area of 860 square miles and has a population of nearly 
5,500,000 people. To this latter population figure could be added 
another 3,500,000 people representing a population equivalent for the 
industrial waste now being treated by the Sanitary District. 
The original area was made up of the City of Chicago, Oak Park, 
Cicero, Berwyn, Stickney and part of Lyone Township. Annexations have 
been made in 1903, 1913, 1917, 1919, 1921, 1927, 1949, 1945, 1947, 1949, 
1951, 1953, 1955 and 1956. All of this annexed territory has been with-
in Cook County. 
History of Flooding in the Chicago Metropolitan Area (2, 3)  
The Chicago area - because of its unfortunate topographical set-
ting, rampant growth and inadequate regulatory authority - is perhaps 
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one of the most severely flood plagued urban areas in the world. This 
area has suffered from flood damage with increasing frequency from the 
time the original settlers first inhabited this area. 
One of the first major floods of record occurred in March, 1849, 
and resulted in considerable damage to ships and bridges along the 
Chicago River. This particular storm was further complicated by ice 
jams in the river which contributed greatly to the damage. The storm of 
August, 1885, although not particularly destructive to property in the 
Chicago area, did carry a large volume of debris and filth out into Lake 
Michigan thereby polluting the water supply. The public's reaction to 
this condition resulted in the formation of the Sanitary District of 
Chicago in 1889 as previously discussed. 
In the past twenty-five or thirty years, due to the extensive 
growth of this area, the runoff from rain storms has increased about two 
and one-half times. There have been no improvements in the main channels, 
however, since their original construction. Coincidental with the in-
crease in runoff has been the occurrence of several major storms, one in 
1954 and another in 1957, which were of a magnitude that should be ex-
pected no more frequently than once in a hundred years. 
The annual average flood damages including sewer back-up, is ap-
proximately 30 million dollars and affects 50,000 homes. Money damages 
and numbers of homes are only part of the trouble. Perhaps as signifi-
cant is the lowering in the quality of life, public and private incon-
venience, and widespread fear and anxiety when a storm is predicted. 
The stream beds that carry this additional runoff remain essential-
ly the same now as when the area was originally settled. They have been 
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constricted, however, by the construction of numerous bridges, culverts, 
etc., and by encroachments upon the natural stream beds and flood plains 
by housing developments and other construction. The flow in these 
streams has been further constricted by an accumulation of alluvial de-
posits, trees, and debris, and by the dumping of refuse within the stream 
bed. Numerous swampy areas which previously provided storage capacity 
for the streams during floods have been filled in and used for buildings 
or other purposes. 
Partly because of these constrictions the streams and channels of 
the Sanitary District are incapable of carrying the storm runoff during 
heavy storms. The high-water stages of the streams often inundate the 
combined sewer overflow outfalls and storm sewer outfalls. As a result, 
sewage water backs up into basements and streets in commercial and resi-
dential areas. 
The rapid development of the rural areas of Cook, Will, and DuPage 
Counties for residential and commercial purposes is compounding the drain-
age problem. These developments have radically changed the runoff 
characteristics of these areas. Large paved surfaces, roofs, streets, 
etc., increase both the volume and rate of storm water runoff. In most 
areas, the existing sewer systems were not designed for this rapid growth 
and consequently do not provide the means of handling this increase in 
storm runoff. Many new residential developments are in areas where 
natural drainage is extremely poor. These developments have been plan-
ned with little or no regard for providing adequate drainage facilities 
for storm water runoff. 
Drainage problems for some communities are compounded by 
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reidential and commercial developments outside their corporate I in.i to. 
originally, the natural drainage from the outlying unincorporated areas 
passed into or through the incorporated community and the sewer sy ,, tera 
was designed to take care of this "natural" runoff. However, as these 
outlying areas are built up, the rate of runoff increases and soon over-
taxes the sewer system with resultant flooding of previously unflooded 
areas. Without new legislation there is no apparent, generally accepted 
mears of compelling areas outside the corporate limits to bear part of 
the cost of enlarging or improving the affected drainage system. 
Numerous drainage districts were formed in early years for the ex-
press purpose of providing agricultural drainage. In certain instances 
these drainage districts have been found to be a contributing cause of 
drainage problems farther downstream. In providing adequate drainage 
within the district during storm conditions, an increased rate of flow 
is discharged into the outlet stream. The stream in many cases is inade-
quate to carry the extra water and lands flood farther downstream, 
The Sanitary District has designed its intercepting sewers to 
hand 	150% of the normal sanitary flow, which is determined from past 
records of average flows. When flow exceeds this amount due to storm 
runoff, the excess is automatically diverted into rivers and canals 
adjacent to the community where the storm water originated. A frequent 
complaint is that these diversion structures sometimes jam and cause 
inundation of local sewer systems. Often, when the river or canal is at 
flood stage, it causes backup, with resultant flooding in the storm area. 
The Chicago River, Little Calumet River, Cal-Sag Channel. and the 
Chicago Sanitary and Ship Canal provide little storage capacity above 
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normal water elevation. The normal level must be maintained for navi-
gation. Therefore, it is evident that flooding is likely and does occur. 
In the lower reaches of the river the water level is lowered in advance 
of anticipated storms to increase hydraulic gradients and hence dis-
charge rates. The lowering of this water level in advance of storms has 
been standard operating procedure of the Sanitary District for some time. 
Causes of Flood Damage (2)  
The greatest flood damage is caused by water backing up into basements 
from sewers or drains. This causes extensive damage to property stored 
in the basements as well as to motors of appliances and heating equipment. 
In some buildings, the water causes major damage to recreation rooms, 
depending upon the type of flooring and paneling. 
In some instances, the capacity of a sewer system is overtaxes 
causing the water to overrun curbings and lawns, and to enter the base-
ment through the windows or the upper levels through doors. This situ-
ation occurs frequently in some areas, especially in the fall when street 
drains may be clogged with leaves or other debris. 
Damage is often done to property as a result of water pressure 
exerted against building walls or basement floors, causing water seepage 
into the building or causing a cracking, bulging, or disintegration of 
walls or floors. In many areas, especially in the southern portion of 
Greater Chicago, water has risen to floor levels of many dwellings there-
by ruining furniture, rugs and other household articles. 
Viaduct and street flooding causes much damage to buses, automo-
biles, street cars and trains. The additional expense of having traffic 
halted or re-routed, at much inconvenience to the public, could be added 
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to specific property damage in this instance. 
Numerous communities outside the Sanitary District's boundaries 
utilize the streams for the disposal of effluent from their sewage dis-
posal plants. During high water these local plants are often inundated 
by water backing up through their outfall sewers. This creates a criti-
cal health hazard due to the possibility of raw sewage seeping into the 
water supply systems, reducing efficiency of the plants, and polluting 
storm water. In addition, there would be a general nuisance from such a 
situation. 
Flood-Hazard Mapping in Metropolitan Chicago (4)  
In an effort to indicate which areas within the Chicago Metro-
politan area have the greatest potential of being affected by flooding, 
a flood-mapping program financed jointly by the six counties of Metro- 
politan Chicago (Cook, DuPage, Kane, Lake, McHenry, and Will), the North-
eastern Illinois Planning Commission, the State of Illinois, and the U.S. 
Geological Survey was undertaken in 1961. This unique flood-mapping 
program has resulted in maps, showing the flood hazard of nearly the en-
tire six-county metropolitan area. 
A flood-hazard map uses as its base a standard U.S. Geological 
Survey 7-1/2 minute topographic quadrangle which includes contours that 
define the ground elevation at stated intervals. Each of the quadrangles 
covers an area of approximately 57 square miles. The area inundated by 
a particular "flood of record" is superimposed in light blue on the map 
to designate the "flood-hazard area". Also marked on the flood-hazard 
map are distances (at 1/2-mile intervals) along and above the mouth of 
each stream and the locations of gaging stations, crest-stage gages, and 
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drainage divides. 
Accompanying the flood-hazard map are explanatory texts, tables, 
and graphs, which facilitate their use. One set of graphs shows the 
probable frequency of flooding at selected gaging stations. These graphs 
indicate the average interval (in years) between floods that are expected 
to exceed a given elevation. Frequencies can also be expressed as proba-
bilities which make it possible to express the flood risk or flood hazard 
for a particular property; for example, a given area may have a 5 percent 
chance of being inundated by flood waters in each year. 
This flood-mapping program was carried out in three phases. The 
first phase extended from July 1, 1961 to June 30, 1966. In phase one 
of the program, flood maps were prepared for 43 7-1/2 minute quadrangles 
in the six-county area. This constitutes about 70 percent of the total 
area that has been mapped to date or 60 percent of the total six-county 
metropolitan area. Because of insufficient hydrologic data in much of 
the area, it was necessary to establish 229 crest-stage gages to record 
instantaneous flood peaks so that flood profiles and flood-plain limits 
could be better defined along the approximately 1,000 miles of streams 
located in the 43 quadrangles. 
The second phase extended from July 1, 1966 to June 30, 1969. 
This phase involved the preparation of 19 additional flood maps. As in 
the areas mapped in phase one, it was necessary to establish 165 crest-
stage gages within these additional areas. In addition, the crest-stage 
gages established as part of phase one were kept in operation as part of 
phase two, to extend the hydrologic records. 
The completion of phase two made flood maps available for the 
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entire metropolitan area with the exception of the western part of Mc-
Henry County and the completely urbanized area of Chicago and the close-
in suburbs in Cook County. 
Phase three of this project, which is currently in progress, has 
four major objectives: 
1. continued operation of the existing network of crest-stage 
gages, 
2. evaluation of the crest-stage gagenetwork for adequacy and 
relevance, 
3. extension of the program to unmapped areas, 
4. periodic and systematic revision of the flood maps prepared 
in phases one and two. 
The U.S. Geological Survey states that, "continuation of the co-
operative flood-hazard mapping program along these lines will assure that 
local governmental bodies, industries, utilities, developers, and citizens 
of Metropolitan Chicago will have more and better flood information which 
can be used in furthering the region's orderly development." 
Flood Control Activity  by the Metropolitan Sanitary District (3)  
The most prominent agency in flood control work in the Metropol-
itan Chicago area is the Sanitary District. It has thrust itself into 
the void created by the inactivity of others, and assumed as a secondary 
function that of flood control, along with their primary functions of 
collection and treatment of wastewater and water quality standard en-
forcement. 
In the regulatory area, the Sanitary District has required the 
local zoning authorities, Village and the County, to enact flood plain 
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ordinances. The Sanitary District requires these ordinances before they 
allow an area to connect to their sanitary sewer system. These ordinances 
do safeguard flood plain developments against highwater but do not pro-
vide for the preservation of natural storage. The Sanitary District has 
recently required on-site detention of excess runoff from developments. 
The Sanitary District has used its control of permits for sewer con-
nections to require these regulations. As a result, compliance has come 
easily. These requirements are necessary but also, admittedly, only 
brakes on the growth of flooding problems. They must be complemented 
with a program to solve the existing problems. 
Currently, the Sanitary District estimates the remedy for the flood-
ing problems in the separate sewered and unsewered area within their juris-
diction to be in the 200 to 300 million dollar range. A master planning 
effort is now underway to prepare a plan which will define these needs. 
This plan, called the Chicago Metropolitan Area River Basin Plan, is 
being undertaken through a cooperative agreement between the Sanitary 
District and the Soil Conservation Service. The Sanitary District has 
provided a major part of the early funding in order to get the Soil 
Conservation Service on the job immediately rather than to wait for ful-
ler Federal Budgeting. The Sanitary District estimates that planning 
should be completed by 1976. 
Under this work, the total 1200 square mile area is divided into 
six watersheds draining the Metropolitan area. These watersheds include 
North Branch of the Chicago River, Little Calumet River, Calumet-Sag Chan-
nel, Poplar Creek, Salt Creek, and DesPlaines River. They are the water-
sheds in Cook County and the watersheds with streams flowing into Cook 
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County. The study will determine the water and related land resource 
problems, needs, and purpose,  and evaluate solutions and alternatives 
to problems associa ted with watershed protection, flood damage reductio n, 
 urban water managemen t, fish and wildlife, recreation, water quality, 
environmental enhancement and other related purposes. In addition, the 
extent to which action is needed beyond the scope of available going 
programs will be de termined. 
The planning procedures  and methods used by the Soil Conservation 
 Service are somewhat unique. The prime input in the planning are the 
problems and needs expressed  by Steering Committees (composed of local 
governments, intere st groups, and citizens). These Committees are not 
used passively. Rather the situation is reversed and the Committees ar e 
 asked to take a le ad role wherein they define problems, needs, planning 
criteria, planning priorities;  assist in defining alternatives and revie w 
 the alternatives to select a final plan. 
The work performed by the Soil Conservation Service can best be 
described as technic al assistance. They advise the Committees on engi-
neering problems, Make the necessary investigations and analyses, deter-
mine the economics, prepare  the technical aspects of the environmental 
impact statement, and write and publish the reports, maps, etc., neces-
sary to define the final  plans. The Soil Conservation Service also pro-
vides the liaison and coordination with other technical agencies so that 
proper consideration  and inclusion is taken of other programs, technical 
information and studi es . 
One plan has been  completed under this study which gives some in-
sight into the kind of information that can be expected from this study. 
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This plan, the Upper Salt Creek Watershed Work Plan, covers a 33,280 acre 
area primarily in Cook County, with small areas in Lake and DuPage 
Counties, Illinois. The study reveals that approximately 1,940 acres 
within this watershed are presently subject to flooding. In addition to 
this large area being affected, there are 1,200 residences within the 
flood plain that are affected by flood waters. Sixty-five percent of 
these residences experience some flooding within the basement or the 
lower level of the structures caused by submerged storm sewer discharge 
points and floodwater entrance into the sanitary sewer system through 
flooded street manholes. 
An estimated thirty percent of these residences are subject to 
the direct entrance of surface floodwaters into lower level garages, 
basements, and subground living areas. Finally, an estimated five per-
cent of the flood plain homes are presently vulnerable to flooding by 
inundation of the frame portions of the structure. 
In addition to the residential damages, flooding occurs on parking 
areas, playgrounds, highways and streets, etc., which poses public in-
convenience, neighborhood degradation, and a lowering in the quality of 
life. 
Developed areas occupy  54.8 percent of the watershed area. Resi-
dential areas occupy more than half of the total developed area and vary 
greatly as to cost and density. With the exception of one large forest 
preserve, most lands in the flood plain are privately owned. There are 
publicly owned flood plains in Elk Grove Village and Rolling Meadows 
which include school and church playgrounds and parking areas, parks, 
and other public recreation facilities. 
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Projected future flood plain buildup will result in increased 
average annual damages. The following summarizes present and projected 
floodwater damages. 
AVERAGE ANNUAL FLOOD DAMAGES 
IN SALT CREEK WATERSHED (3) 
Dollars 
Present Buildup Future Buildup Total 
Items 
Direct damage 
Residential 304,600 269,200 573,800 
Commercial 300 98,200 98,500 
Other urban 1,500 1,500 
Indirect damage 106,200 73,500 179,700 
Total Damages 412,600 440,900 853,500 
In order to control the flooding within this watershed, the plan-
ned measures consist of five floodwater retarding structures, one multiple-
purpose (flood prevention - recreation) preserve, approximately 1.8 miles 
of channel improvement, and a land treatment program for at least half of 
the watershed. Costs for these measures are estimated to total $24,500,000. 
In addition local landowners, groups, and villages will install and main-
tain land treatment measures in accordance with their agreements with the 
local Soil and Water Conservation District. 
The people of Upper Salt Creek Watershed recognized the need for a 
comprehensive approach to the solution of watershed problems. The spon-
soring local organizations and the Soil Conservation Service agreed to 
the following specific objectives: 
1. Reduce erosion and increase rainfall infiltration by establish-
ing land treatment measures which contribute directly to 
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watershed protection and flood prevention. 
2. Attain a reduction of 85 to 90 percent in average annual flood-
water damages in urban areas with consideration given to the 
100-year frequency storm. 
3. Include recreation water in one of the structures and in-
crease maximum design capacity of associated recreational 
facilities for public use which would include a wide range 
of recreational activities because of the tremendous pressure 
from the metropolitan area. 
4. Include water resource improvement for recreation and/or 
wildlife in all suitable areas in order to improve the local 
environment and make the watershed a more aesthetically 
desirable place in which to live. 
Although planning investigations indicated several alternative 
solutions to the flooding problems, it was agreed that flood water 
storage was the most acceptable means of reducing these damages. It 
was also agreed that undeveloped flood plain areas should be allowed 
to develop only as defined in the Plan. 	It was recognized that channel 
improvement might be needed to provide the desired protection in selected 
areas. 
State Participation in Flood Control  
In addition to the above, the Sanitary District has been very 
active in trying to get the State of Illinois to enact and enforce some 
state regulations pertaining to flood control. Quoting from the Recom-
mended Resolution for Regulation and Control of Storm Drainage which Af-
fects Separate Sewered and Unsewered Areas of the Metropolitan Sanitary 
District of Greater Chicago: 
Therefore be it resolved, that the President of the' Metro-
politan Sanitary District of Greater Chicago hereby pe-
titions the Governor of the State of Illinois to direct 
the appropriate department of the State of Illinois to: 
(1) Establish a flood control program for the 
State of Illinois based on the principle 
of retaining storm water runoff at or near 
its source, and 
(2) Regulate and control storm flows which pass 
from one county to another within the State 
Illinois by establishing maximum flows at 
the county lines; and 
Be it resolved, that the Metropolitan Sanitary District 
request the State of Illinois through its Department of 
Public Works and Buildings to regulate and control storm 
water runoff from all improvements in the drainage basin 
including federal, state and local road improvements, by 
requiring that all permits issued by the Department of 
Public Works and Buildings for drainage improvements 
including the mandatory requirement that permittees con-
struct and maintain storm retention facilities capable 
of storing runoff from the storm of record. 
In addition the Sanitary District has requested the Governor of 
the State of Illinois to direct the appropriate departments of the State 
government to initiate inter-state agreements for the regulation and con-
trol of storm flows entering the State of Illinois. 
The State has passed a flood plain act to regulate construction 
in flood plains via a permit system but this act has had little or no 
enforcement. The Sanitary District is anticipating that the State will 
play a greater role in flood control in the future but at present their 
participation is limited. 
Blue Ribbon Sub-Committee on Flood Control  
In a further effort to establish some policies and guidelines with 
regard to flood control, the Sanitary District participated in a "blue 
ribbon committee" concerned with flood control problems. This committee 
was made up of representatives from the Sanitary District, consulting 
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firms, contractors, developers, public works personnel, and interested 
citizens. Following are some statements issued by this committee re-
garding flood control in the Chicago Metropolitan Area. 
The region-wide or basin-wide flooding problems within 
the Chicago Metropolitan Area result from a number of causes, 
for example, unrestricted flow from upstream areas outside of 
the jurisdiction of the Metropolitan Sanitary District, im-
properly maintained streams, increased runoff from road sewers 
and drainage ditches, culvert and bridge openings which re-
strict the storm water flow rates, as well as others, all 
cause flooding. The solution to these basin-wide and region-
wide flooding problems cannot be accomplished through the 
sewer permit ordinance, but must be performed by the responsi-
bile governmental bodies. On the other hand, the Sewer Permit 
Ordinance (which will be discussed in the next section of this 
report) can be used to exert pressure on local governments and 
developers to jointly participate in providing detention 
storage to reduce the excessive runoff during heavy storm 
periods from the headwater areas. 
It is not the intent of the Sub-Committee that numerous 
small puddles and ponds be constructed throughout the Metro-
politan Area. Such scattered ponds may create nuisance and 
possible health hazard and fail to provide flood protection 
if not adequately maintained. Rather, the purpose of the 
recommended amendment to the Sewer Permit Ordinance is to 
encourage the development of well maintained landscaped lakes 
to act jointly as detention reservoirs and recreation fa-
cilities or aesthetic focal points in new village parks, 
either in incorporated or unincorporated areas, forest pre-
serve areas, county parks, housing developments, shopping 
centers, and industrial parks. Also, considerable storage 
of storm water can be provided at its source without undue 
nuisance if properly engineered; for example, detention on 
flat roofs, parking lots, gutters, yards, underground 
storage, etc. 
The Sub-Committee believes that the Federal, State, County, 
Metropolitan Sanitary District and other local agencies, should 
work together to provide overall planning, scheduling and fund-
ing for the large drainage basin projects. 
To summarize, the Blue Ribbon Sub-Committee recommends a 
three fold attack on the drainage problems in this region; 
1. The establishment of a "Flood Control Coordinating Commit-
tee" which would set responsibility, provide budgeting and 
set policy on flood control improvements on a region-wide 
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basis. 
2. Continue to establish the Basin Steering Committees to 
develop the planning of flood control facilities on a 
basin-wide basis. 
3. Passage of the proposed amendment to the Sewer Permit 
Ordinance which would control the excessive runoff from 
the headwater areas. (This amendment has been passed 
and made part of the Sewer Permit Ordinance.) 
Metropolitan Sanitary District Ordinance and Regulations  
The Sanitary District has issued a sewer permit ordinance, guide-
lines for flood damage prevention ordinance and a manual of procedures 
for the administration of the sewer permit ordinance. Although the State 
of Illinois has not given the Sanitary District any specific powers to 
enforce flood and drainage ordinances, the Sanitary District has used its 
powers in the area of sewage collection and disposal to encourage com-
pliance with their guidelines for flood damage prevention. Most of the 
local municipalities want to use the Sanitary District's sewage disposal 
system in lieu of creating their own system and thus they have complied 
with the Sanitary District's request. Following is a brief discussion 
of the areas covered in these documents. 
Sewer Permit Ordinance  
This ordinance covers the following: 
1. Limits construction of sewers unless areas have drafted and 
adopted a storm water detention or flood control ordinance 
acceptable to the Sanitary District, including a drainage 
plan and time schedule for its implementation approved by 
the Sanitary District. 
2. In lieu of the above the area can obtain the needed sewer 
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construction if detention storage is provided so that the 
runoff from proposed developments is not greater than that 
from the sites in a natural or undeveloped state. 
3. In addition to the above the Sanitary District has proposed 
an amendment to this ordinance regulating filling in flood 
plain areas. This amendment would require that compensatory 
flood plain storage be provided to compensate for any pro- 
posed filling in the flood plain so that the filling would not 
adversely affect the efficiency or capacity of the flood plain 
area. 
The first two items listed above have been the "power" behind the 
Sanitary District's flood control program. Since the local communities 
are most anxious to obtain permits for construction, operation and mainte-
nance of sewerage systems designed to discharge directly or indirectly 
into collection and treatment facilities of the Sanitary District, there 
have been no problems in getting these communities to abide by these 
provisions. 
The Sanitary District had hoped that communities would develop a 
drainage plan for the entire community but none have been completed at 
the time of this study. Several communities are working on drainage 
plans but it has been easier for the communities to restrict the runoff 
rate from developed areas than develop a comprehensive drainage plan. 
Manual of Procedures for the Administration of the Sewer Permit Ordinance  
Following are the major areas included in this manual: 
1. all construction within the flood plain areas must conform to 
the requirements of the local flood plain ordinance, 
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2. the flood crest elevation and the limits of the flood plain 
area are based on the USGS maps, 
3. comprehensive basin-wide planning for flood control is 
encouraged, 
4. detailed regulations and design criteria concerning storage 
and controlled release of storm water runoff are given. 
The design criteria given in this manual were arrived at by the 
Blue Ribbon Sub-Committee. This sub-committee was aided in its work by 
a technical staff made up of personnel from the Sanitary District. This 
technical staff presented several recommendations and proposals of a 
technical nature, of which some were adopted and some were changed. 
There were also several compromises within the sub-committee. As an 
example some of the members of the sub-committee wanted a storm of two 
year frequency to be used for the outlet design for on-site storage while 
others felt that a storm of five year frequency would be better. As a 
compromise the sub-committee selected a storm of three year frequency. 
Thus the political process was active during the selection of these 
design criteria. 
Sanitary District Suggested Guidelines for Flood Damage Prevention Ordi-
nance  
All proposed local ordinances must conform with the requirements 
given in these guidelines for Sanitary District approval. 
1. The flood hazard maps prepared by the USGS show the minimum 
elevations to be used for delineation of flood plain areas. 
2. Regulations are given concerning development within flood 
plain areas (including regulations on sanitary sewers). 
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3. These guidelines discuss flood control provisions and flood-
proofing structures within flood plain areas. 
In addition, the Sanitary District and the Northeastern Illinois 
Plain Commission have drafted suggested flood damage prevention ordinances 
which have been used as model ordinances by the local communities. These 
ordinances give detailed regulations pertaining to flood control includ-
ing a time schedule for implementation of an ordinance, establishment of 
a 100-year flood plain, maintenance of drainage system, plans and studies 
required, requirements for filling in flood plain areas (compensatory 
storage), storage of materials in flood plain areas, and storm water 
detention storage. 
Adopted Local Ordinances  
Although the Sanitary District requires that each local community 
adopt a flood control ordinance, the local community establishes its own 
engineering design criteria. The one area in which there has been some 
disagreement among the local communities is that of choosing a design 
storm for the design of drainage facilities. Communities have selected 
everything from a five to a twenty-five year design storm with most 
adopting either a five or ten year storm. From the results of interviews 
with local engineers and other people dealing with drainage problems, it 
was concluded that there wasn't any definite rationale used when select-
ing the design storm. Personal preference, compromise, or adopting what 
some other nearby community was using played the major role in determin-
ing what design storm would be used. 
Since the Northeastern Illinois Planning Commission published its 
Suggested Flood Damage Prevention Ordinance in 1972, the local ordinances 
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written since that time have, by and large been carbon copies of this sug-
gested ordinance. 
Hydrology and Detention Storage  
Within the jurisdiction of the Sanitary District, the design of 
drainage facilities is left up to the local communities. The Sanitary 
District does check and approve these designs but the selection of design 
methods is a local decision. When any new development is proposed, the 
Sanitary District requires a detention review study to determine whether 
detention storage is required. In addition, when the Sanitary District 
feels that a proposed development might cause drainage problems, a hydro-
logic and hydraulic study is required. 
Hydraulic Studies 
The local communities use the rational method almost exclusively 
in designing their drainage systems. They also use the rational method 
for designing the required detention facilities. The Sanitary District 
has developed a procedure for determining allowable release rates and 
required flood storage for detention facilities which is used by the 
local communities. This procedure uses rectangular hydrographs, of vary-
ing duration, which are routed through the proposed detention storage to 
determine what storm duration is critical. This critical duration is 
then used to calculate the maximum storage needed for a certain develop-
ment. The engineers with the Sanitary District, who were interviewed as 
part of this study, felt that although they were introducing errors by 
assuming rectangular hydrographs, the rational method was not accurate 
enough to justify a more sophisticated approach. They also felt that 
their assumptions were on the conservative side. 
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In developing this procedure, the Sanitary District was looking 
for a procedure that would not be difficult for local municipalities and 
engineers to understand and use. Thus for ease of use and administration 
the Sanitary District feels their procedure is adequate for the purpose 
intended. 
Restrictions on Retention Storage  
There are several restrictions that the Sanitary District has 
placed on the design of detention storage that are of some interest. In 
the design of the detention facilities, storage must be provided for the 
increased runoff from the proposed development (using a 100-year design 
storm) and a bypass or outlet must be designed to handle the remainder of 
the outflow from the development plus the runoff upstream, assuming the 
upstream area is fully developed according to the present zoning re-
strictions (using a three-year design storm). 
When it is determined that detention is required, this storage 
must be provided even if there is excess storage capacity available in 
the natural drainage system. It has been the experience of the Sanitary 
District that in most cases the natural storage is already being used by 
the storm runoff from existing developments. 
Although the Sanitary District does not require detention on some 
small developments, they do keep records of who is developing what areas. 
In this way if a developer tries to develop a large site in small develop-
ments to avoid the detention requirements, the Sanitary District will 
total all these small developments and require the developer to provide 
detention storage for the total development. 
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Flow Simulation Model 
The Sanitary District has developed a flow simulation model for 
the Chicago Metropolitan Area (6). To date, this model has only been 
used internally by the Sanitary District to check the designs of large 
reservoirs and drainage facilities associated with large developments. 
The model has not been used by the local communities or consulting engi-
neers in their original designs. 
The Sanitary Districts Model has been used primarily to simulate 
individual design storms and not to simulate frequency curves. The 
Sanitary District has used the model to check some of the work that Hydro-
comp, Inc. did on the North Branch of the Chicago River, with good cor-
relation between the results obtained by Hydrocomp and the Chicago Model. 
In addition the District has checked the model against empirical data 
from individual storms with good results. They have also run one year of 
simulation on a few small watersheds with good results. 
The District plans to continue developing their model and hopes 
that it will play an even more active role in the design of drainage 
facilities in the future. 
Additional Aspects of the Flood Control Program in the Chicago  
Metropolitan Area  
Following is a list of some additional aspects of the flood con-
trol program in the Chicago Metropolitan Area that were of some interest 
in this study. 
1. There are no erosion and sediment control ordinances in the 
Chicago Metropolitan Area but the Soil Conservation Service 
is doing some work in this area. 
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2. Dumping in the flood plain is controlled by the State Environ-
mental Protection Agency where there is a possibility of a 
pollution problem. 
3. Some communities allow filling in the flood plain (about 20 
percent of the 125 communities) but most do not. Those com-
munities that do allow filling require that compensatory flood 
plain storage be provided for that which is lost as a result 
of the filling. 
4. The local communities maintain the drainage system within their 
jurisdiction while the Sanitary District maintains the rest of 
the system. The only exceptions are a few large planned unit 
developments where developers have agreed to maintain the 
drainage systems within the developments. The Sanitary 
District encourages developers to centralize their detention 
storage facilities for ease of maintenance. 
5. Preventive maintenance of the drainage system consists of 
cleaning debris from the system and alleviating small problems 
as they arise. There is no systematic checking of the drain-
age system. 
6. Detention facilities are used for flood control and recreation 
and are not used for ground water recharge because of the clay 
soil in the Chicago Metropolitan Area. Because of the flat 
topography in the area, most of these facilities are simply 
holes in the ground and thus structural considerations are 
not of great importance. 
7. The 100-year flood plain elevations have been established for 
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only about five percent of Cook County but the Sanitary 
District hopes to establish these elevations for the entire 
County. The 100-year flood plain would then be used instead 
of the flood plain areas established by the USGS mapping 
program. 
8. The major loophole in the Sanitary District's flood control 
program involves those developments that do not need sewer 
installations. Highway construction, parking lots, etc., 
result in large impervious areas which are built without 
detention storage. The local communities can control parking 
lots and other local developments but only the State can con-
trol the major highway construction and it has thus far seen 
fit not to. 
Concluding Remarks  
In Illinois the individual communities and villages are political-
ly very powerful and autonomous. It has been very difficult to coordinate 
the flood control efforts of these communities into a cohesive flood con-
trol program. Each community sets up many of its own restrictions and 
regulations and thus there are no common standards for all the communi-
ties to adhere to. In addition many of the watersheds in Cook County 
overlap into adjacent counties where there are no agencies to coordinate 
the flood control efforts. 
If it had not been for the influence the Sanitary District has 
because of its sanitary sewer program, it would have been very difficult 
(if not impossible) for them to have had any impact on storm water 
problems. 
249 
Considering these political and administrative barriers to the 
forming of a regional flood control program, the Sanitary District has 
made great progress in coordinating the individual flood control efforts 
in Cook County. Through their sewer permit system they have initiated 
flood control ordinances for many of the local communities. They have 
participated in the formulation of a model ordinance, simulation model, 
detention storage procedure, and several other procedures and regulations 
discussed in this case study. 
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APPENDIX D 
INGHAM COUNTY, MICHIGAN 
Ingham County is one of three counties in the Tri-County Regional 
Planning Commission. Tnis Commission, an advisory body, was established 
oy a resolution of Clinton, Eaton, and Ingham counties in 1956. It 
erves 78 governmental units containing three counties, 48 townships, 
10 cities, and 17 villages. 	In the following pages, some general in- 
folmation about the Tri-County region is presented followed by a more 
detailed discussion of the drainage program in Ingham County. 
General Description of tne Tri-County Region (1) 
The Tri-County Region is located in the southern part of Mich-
igan's lower peninsula approximately equidistant from the two Great 
Lakes of Michigan and Huron. This region, with a 1970 population of 
376,423, is composed of a mixture of diverse types of communities 
embodied in a total land area of some 1700 square miles. The "hub" 
of the region is the Lansing-East Lansing urbanized or metropolitan 
area. The townships surrounding Lansing and East Lansing are urban- 
izing at a rapid rate and in some cases there has been more than a one 
hundred percent increase in population during the past decade. Outside 
toe metropolitan area, ten cities ranging in size from 1,000 to 9,000 
people are scattered through the region at varying distances from the 
"hub". In addition, fifteen rural communities dot the region. These 
cities and villages are separated from the metropolitan area by com- 
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parably vast rural areas and, in fact, approximately ninety percent of 
the region's land area is rural in nature. 
Topography 
The land surface of the Tri-County region is generally flat or 
gently rolling, a typical topographic characteristic of the southern 
part of the lower peninsula of Michigan. The land surface of this 
region slopes gently to the north and west. hills in the southern part 
of Ingham County are the highest areas in the Tri-County region. The 
lowest areas are along the Maple River in northwest Clinton County. 
River Basins 
There are tnree major river basins in the Tri-County region; 
the Grand, Kalamazoo, and Huron (Figure D-1). The majority of the 
land area in the region is in the upper part of the Grand River Basin 
and is drained by the Grand River and its tributaries which are the 
Maple, Lookingglass, and Thornapple rivers. The total drainage area 
of the Grand River Basin in the region is about 1,557 square miles. 
An area of approximately thirteen square miles in the southeastern 
part of Ingham County drains southeast to the Huron River, and in the 
southwestern part of Eaton County, about 132 square miles, drains south-
west to the Kalamazoo River. 
Michigan County  Drain Commissioner (2) 
Because of the unique governmental setup in Michigan, it is 
necessary to briefly discuss the functions of the County Drain Commis-
sioner and how these functions relate to the County's Drainage Program. 
The Drain Commissioner's office was created in Michigan in 1859 
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Figure D-1. Ingham County, Michigan - Major Drainage Basins 
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and was administered by three commissioners. In 1871, the law was changed 
reducing the number of commissioners to one. County Drain Commissioners 
are now acting under Act 40, of the Public Acts of 1956, as amended, 
which provides that the Drain Commissioner shall be elected at the reg-
ular general election held on the Tuedsay succeeding the first Monday 
in November, every four years. 
The Drain Commissioner has jurisdiction over all drains within 
his County, including those established and those in the process of 
construction. Under the Act of 1956, the word "drain" includes: 
any creek or river, any watercourse or ditch, either open or closed, 
any covered drain, any sanitary or any combined sanitary and storm 
sewer or conduit composed of tile, brick, concrete or other material, 
any structures or mechanical devices that will properly purify the 
flow of such drains and any levee, dike, barrier, or a combination 
of any or all of same constructed for the purpose of drainage or 
for the purification of the flow of such drain. 
Many of the drainage basins in Michigan are contained within 
several different counties. In order to effectively deal with the 
drainage problems within these overlapping basins, there is a drainage 
committee for each drainage basin. A committee is composed of the 
Drain Commissioners from all counties that have land area within the 
basin plus one representative from the Department of Agriculture. 
These committees have the authority to deal with drainage problems on 
a basin basis rather than being constricted by existing political 
boundaries. 
The duties of the County Drain Commissioner are: first, to 
administer the proceedings necessary to and resulting in the construc-
tion of new drains; and, second, to supervise the maintenance of pre-
viously constructed drains. 
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Except for maintenance, all drain work is initiated by the people 
of the specific area to be drained, by petition; or petition by resolu-
tion of one or more cities, villages and townships. Such petitions 
may be signed solely by a city, village or township when duly authorized 
by its goveening body or by any combination of such municipalities. 
The Drain Commissioner has no power to act otherwise. 
As an example of the vast drainage system that is under the 
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jurisdiction of the Drain Commissioner in Ingham County, there are 
approximately 780 established County drains. These total in excess of 
572 miles with about 372 miles of open drains and 200 miles of tile or 
pipe-enclosed drains. There are also approximately 70 drains built by 
private developers to be taken into the County system and established 
as County drains for maintenance. Following is a brief outline of some 
of the functions that the Drain Commissioner has with regard to this 
vast system of drains. 
1. The Drain Commissioner may make an annual inspection of all 
drains under his jurisdiction and may expend an amount not 
to exceed $500 per mile or fraction thereof, or one percent 
of the original cost of the drain, for maintenance and repair 
of any drain unless petitioned by emergency resolution for 
such repair by the governing body of the municipality within 
which the drainage district exists. 
2. The Drain Commissioner must submit a report to the County 
Board of Commissioners at its annual meeting in October, 
consisting of a financial statement of each drainage district 
and a report on all activities of his office during the 
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preceding year. 
3. The Drain Commissioner processes all complaints from property 
owners, issues permits for taps and relocations of drains, 
and sees that correct boundaries for all drainage districts 
are maintained. 
4. The Drain Commissioner assists property owners with drainage 
problems. 
5. The Drain Commissioner is responsible for the acquisition. 
of rights-of-way for the construction of drains. 
It is the general policy in Ingham County that all engineering 
be performed by consulting engineers. Consulting engineers are engaged 
for the design and preparation of plans and specifications; however, 
the Drain Commissioner approves all plans, and a close liaison is main-
tained for purposes of permits, complaints, and payments throughout the 
duration of each project. 
Ingham County Drainage Program  
Following is a brief discussion of the more important aspects 
of the Ingham County Drainage Program. 
Ingham County Drain Commissioner's Staff 
The Drain Commissioner's staff consists of the following person- 
nel: 
Chief Deputy Drain Commissioner 





The Drain Commissioner does not have any personnel on his staff 
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with training in the areas of engineering, hydrology, or planning. 
Several of the employees do have two year college degrees and are cur-
rently working on four year degrees but these are in the liberal arts 
area. It is presently, and has been, the objective of the Drain Com-
missioner to obtain the expertise he needs in the different areas of 
drainage, from local private consultants in engineering, planning and 
law. Thus, rather than do most of the technical review "in house", the 
Commissioner contracts with 13 engineering firms, 7 law firms and numer-
ous other special consultants to do this work. The Commissioner feels 
that this stimulates private enterprise in the area and is a better 
and more efficient approach than building a governmental bureaucracy 
to handle the work. These consulting firms work on both County projects 
and private projects within the County. 
Commissioner's Philosophy on Drainage Facilities  
The Commissioner expressed his philosophy on drainage facilities 
as follows: 
1. use pipes and closed conduits in heavily built-up areas, 
2. use grassed and natural channels in other areas. 
It is the objective of the County to keep the drainage system as natural 
and aesthetically pleasing as possible with no use of concrete channel-
ization. The County also emphasizes the use of any existing channel 
capacity for flood flows before using on-site storage or other struc- 
tural measures. 
Goals of the Drainage Program  
Following is a list of goals that the Commissioner stated were 
part of the County Drainage Program: 
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1. flood plain management, 
2. soil erosion and sedimentation control policies and procedures, 
3. identification of aquifers and ground water recharging, 
4. flood control and protection. 
Drainage Rules and Regulations  
The existing rules and regulations in Ingham County were written 
by the Drain Commissioner in consultation with other Michigan Commis-
sioners, local engineers, planners and lawyers. These regulations are 
contained in a report entitled, "Rules for Internal & External Drainage 
for Subdivisions." This report contains regulations covering the fol-
lowing: 
1. construction and design standards for proposed drains, 
2. construction and design standards for improvement of drains, 
3. bonding procedures, 
4. plans and plats required, 
5. establishing right-of-ways, 
G. erosion and sediment control, 
7. inspection procedures, 
8. maintenance. 
In addition, the Ingham County Drain Commissioner has drafted 
a flood plain ordinance (this ordinance had not been officially adopted 
when this case study was done but the Drain Commissioner had anticipated 
its adoption in the near future). This ordinance, unlike the other 
ordinances studied, makes a distinction between a floodway and a flood 
fringe. A floodway is defined as follows: 
The channel of a stream and those portions of the flood plain adjoin- 
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ing the channel that are required to carry and discharge the flood 
water or flood flows or any river or stream including but not limited 
to flood flows associated with the intermediate regional flood. 
A flood fringe is defined as, "that portion of the flood plain outside 
the floodway." 
The ordinance goes into a considerable amount of detail as to 
what uses are permitted within the floodway and flood fringe districts. 
Uses which have a low flood damage potential and do not obstruct flood 
flows are permitted within the floodway. Some examples would be agri-
cultural uses, recreational areas such as golf courses, parking areas, 
residential lawns and gardens, etc. Some uses which require structures, 
fill, storage of materials or equipment, may be permitted within the 
floodway with the issuance of a special exception. Some examples of 
these would be circuses, drive-in theaters, marinas, railroads, stables, 
etc. 
The ordinance does state that no structure (temporary or perma-
nent), fill (including fill for roads and levees), deposit, obstruction, 
storage of materials or equipment, or other use may be allowed which, 
acting alone or in combination with existing or future uses, unduly 
affects the capacity of the floodway or unduly increases flood heights. 
In addition, this ordinance has provisions regulating the following: 
1. filling in flood plain areas, 
2. erosion and sediment control in flood plain areas, 
3. specific criteria to be used in locating structures in flood 
plain areas (e.g., not to use structures for human habitation, 
firmly anchor structures to prevent flotation, regulations 
for utility installation, etc.), 
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4. storage or processing of materials in flood plain areas. 
Drainage Plans  
The Drain Commissioner does require a drainage plan and hydrologic 
study for each development. The plans are reviewed by the Commissioner 
but the hydrologic study is not, unless for some reason the Commissioner 
deems it necessary. The rational method is now used as the basis for 
the hydrologic studies. The 10-year one hour storm is used as the design 
storm for all drainage facilities with the 100-year storm used in cal-
culating the limits of the flood plain. The drainage plans also include 
proposed soil erosion and sedimentation control measures. It has been 
the policy of the Drain Commissioner that inspectors from the Commis-
sioner's office be used to inspect private development projects to be 
sure the drainage plans are implemented. 
On-Site Storage  
According to the Drain Commissioner there are several purposes 
for the use of on-site storage: 
1. aesthetic, 
2. flood control, and 
3. ground water recharging. 
It was stated by the Drain Commissioner that the ground water supply 
within Michigan is continually being depleted (at approximately one 
foot per year) and that on-site storage was one means of recharging this 
supply. 
Ingham County has not included on-site storage within its rules 
and regulations as the solution to all drainage problems but instead 
studies each development on a case-by-case basis and only requires 
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storage when it proves to be the best solution to the problem at hand. 
When on-site storage is used, the following design criteria are used 
for all drainage areas: 
1. The size of the retention basin must be large enough to 
contain the 25-year one-hour storm excess (inflow minus 
allowable outflow) calculated using fully developed con-
ditions. 
2. The design for the outlet of the basin is based on a two-
year thirty-minute storm. 
3. The design of the retention basins that have been constructed 
within Ingham County has been based on the SCS Hydrograph 
Analysis Method. 
4. The design for the structural adequacy of the retention basins 
and the overflow spillways are based on the 100-year storm. 
These design criteria were arrived at by the Drain Commissioner 
in consultation with local engineering consulting firms. It is the 
opinion of the Drain Commissioner that retention basins based on any 
larger storms would consume too much land and would be uneconomical. 
Miscellaneous Aspects of the County Drainage Program 
The structural adequacy of any proposed drainage facility is 
checked for the County by one of its consulting engineers. All dams 
and bridges are designed for the 100-year storm. 
Michigan law prohibits any filling in a designated flood plain 
without a permit from the Drain Commissioner. The law states that any 
proposed filling cannot decrease the storage area of the flood plain 
so that it cannot contain the 100-year storm. 
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In order to construct any utilities within a flood plain, a permit 
is required from both the State Department of Natural Resources and the 
Drain Commissioner. In Ingham County all utilities must be placed a 
minimum of four feet below the invert of the stream. The Drain Commis-
sioner reported that the County has not experienced any problems with 
utilities being located within the flood plain areas and they have 
numerous gas, electric, telephone and other utilities located within 
these areas. 
The Drain Commissioner has two crews that continually maintain 
the existing drainage system. These crews work in areas of the system 
that are known to have caused problems and also do some preventive 
maintenance to prevent future problems. 
Problems with Ingham County's Drainage Program 
According to the Drain Commissioner, the only major problem that 
is impairing Ingham County's Drainage Program is that the County Commis-
sioners are only part-time employees. The Drain Commissioner feels 
that the existing governmental functions are too large and numerous for 
part-time employees. In addition to this, there are several improvements 
that the Drain Commissioner would like to make in the drainage program. 
1. There is a need for an ordinance to specifically deal with 
soil erosion and sedimentation control. 
2. A better stream and raingage network within the County is 
needed. 
3. In order to do an adequate job of inspection, more County 
inspectors are needed. 
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Hydrologic Simulation Program (2)  
One facet of Ingham County's Drainage Program which differs from 
the programs of the other areas included in this research, except Fairfax 
County, is the use of a hydrologic simulation program. Although this 
program was not completed at the time this study was conducted, its 
preparation was almost completed and some of the anticipated effects 
can be discussed. 
Ingham County used four major objectives to evaluate the potential 
of using a hydrologic simulation program. 
First, the County wanted a method which would be more accurate 
than current hydrologic methods used in the County. At the present 
time the rational formula is used as the basis for most of the hydrologic 
studies. 
Second, the County was looking for a method which could analyze 
the effects of further urbanization on the County drainage system. 
The third objective was to find a method capable of calculating 
the interrelationships between drainage systems. For example, what 
effect does one storm drain network have on the flooding of an adjacent 
network? 
The final objective was to find an economically efficient method, 
one which would not lead to designs which are inadequate for anticipated 
development and in need of replacement or, conversely, highly overde-
signed for all time. 
With the aid of Systems Research, Inc., the County selected the 
Hydrological Simulation Program (HSP) of Hydrocomp Inc. to meet these 
objectives. 
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HSP is a general mathematical model of the land-phase and channel 
routing of the hydrologic cycle. 	It uses rainfall, pan evaporation, 
temperature and other meteorological data and cha)nel data as inputs 
and calculates snow-melt, infiltration, overland flow and other hydrologic 
processes involved in runoffs to provide a detailed hydrograph of stream-
flow. Outputs of the model include mean daily, hourly, monthly and annual 
streamflow; data on snow pack and water content, soil moisture storage 
and actual evapotranspiration. Continuous detailed graphical output on 
selected model components may also be provided. 
The simulation program is adaptable to any watershed by using 
input parameters that correspond to the physical characteristics of the 
watershed. It can be used to extend short streamflow records, or to 
create data for ungaged streams. The simulation can be adjusted to show 
the effects of urbanization, or to indicate the hydrologic character -
istics of an area after urbanization changes take place. In addition, 
flood stages can be simulated for use in flood plain mapping. 
For purposes of urban drainage design, continuous hydrographs 
at critical points within a complex drainage system can be calculated. 
With pipe diameter and roughness, surcharge conditions and mixed closed 
and open conduits can be modeled. The simulation programming automat-
ically abstracts maximum flows and calculated peak flow frequencies at 
any point in the drainage system. Urban development levels are accounted 
for through an impervious area parameter and through channel network 
characteristics. Normally the minimum size area that HSP can accurately 
deal with is 30-40 acres, but Dr. Hey, of Hydrocomp Inc., feels that 
the model could be tuned for any size area. Since the impervious param- 
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eter goes from 0-100 percent, any change in the impervious area can be 
detected by the model. Thus, the model could be used to detect differ-
ences of runoff as small as one cubic foot per second (cfs) but the 
accuracy of the model would not be as good in dealing with very small 
areas as it would be on large areas. The accuracy of the model will 
also depend on the quality of rainfall data available for the area being 
simulated. The time periods for which data is available (1 min., 15 min., 
1 hr., etc.) and the length and accuracy of the rainfall record are im-
portant considerations. 
The following specifics of applying HSP to the Ingham County 
area were revealed by the Drain Commissioner. The model was calibrated 
on a long term basis by using yearly data, then monthly and daily data 
were used. Hydrocomp then used 10-12 storm events and visually checked 
the storm hydrographs of these short term events. The model was cal- 
ibrated on a hypothetical watershed where a flood frequency distribution 
was generated. Then the model was used to generate a flood frequency 
distribution for the Slone watershed in Ingham County. The results of 
these distributions showed a 90 percent correlation between what was 
expected and the actual distribution from the Slone watershed. 
The model uses 15 minute rainfall data and in many cases, Hydro-
comp had 25 years of measured data to use in calibrating the model (there 
are nine rain gages in Ingham County that were used for this project). 
Hydrocomp also used several different configurations of industrial, 
commercial and residential land uses for sensitivity tests. Except 
for infiltration rate, the parameters used in the model are physically 
based (e.g., land slope, impervious area, vegetation cover, etc.). 
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Thus, it was possible to input existing and proposed physical character-
istics of Ingham County into the model. 
The Drain Commissioner feels that HSP is a more accurate way of 
predicting flood flows than the currently used rational formula since 
HSP considers the entire hydrologic cycle instead of only one or two 
ispects of it. 	In addition, the effects of anticipated urbanization 
can be studied through HSP and comparisions of alternate drainage designs 
can be made. Once the model is calibrated and established for Ingham 
County, it can be used for all drainage designs and evaluations and can 
also be updated to reflect changes in the physical characteristics of 
the County. 
HSP will also play an important part in the flood plain studies 
in lngham County. At the present time the limits of the flood plain 
ireJs within the County are based on the Corps of Engineers Flood 
Plain Information Studies. It is expected by the Drain Commissioner 
that the HSP model will reevaluate these flood plain limits as on-site 
storage and other structural measures are completed. Thus, the flood 
plain limits will change in accordance with the results obtained from 
the model. By changing the limits of the flood plain areas as structures 
are built, some land may be removed from the flood plain restrictions 
and can then be used for development. HSP will also be used to check 
some of the existing flood plain limits. 
combining all of these functions, HSP will be used to obtain 
comprehensive drainage plan for the County. This plan will be dynamic 
in nature in that it will be continually evaluated and updated. This 
will give the Commissioner's staff the ability to evaluate all proposed 
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development and also evaluate alternative development plans and the 
effects of these plans on the County Drainage Program. 
As far as the economics of using HSP is concerned, the Drain 
Commissioner feels that the existing charges that the developers pay 
the County to review their plans will cover the cost of using HSP to 
evaluate the planned development. The developer will be required to 
submit a site plan of the proposed development and then the Commission-
er's staff will calculate and measure the information needed to use the 
HSP model. The Commissioner will have a computer terminal located in 
his office which will be connected to a computer in Stamford, Connecti-
cut, where the model is located. The model will be continuously up-
dated for use in Ingham County by the Deputy Commissioner. 
Consulting Engineers in Ingham County  
Several interviews were conducted with local engineering consult-
ants to get their views of the County's program. The general opinion 
was that the County's Drainage Program depended a great deal on who held 
the job of Drain Commissioner. Since the Drain Commissioner is an 
elected political official he doesn't need any background in engineering 
or drainage to get the job, or even an appreciation for the problems 
involved. The consultants agreed that the present Commissioner did have 
a real concern for the local drainage problems which was reflected in 
a sound practical drainage program. 
Since the HSP model was not operative when this study was done, 
the consultants could not comment on its use or effectiveness. Several 
consultants did state that they didn't feel there was a need for more 
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sophisticated hydrologic methods than what were presently used and they 
hoped that HSP would not add complexity and cost to the development of 
land. 
The only major complaint that the consultants had was that drainage 
was only one aspect in the development process and that they had to go 
through several other commissions and boards before they could develop 
their land. They expressed the desire to have more coordination be- 
tween the different departments of the local government. 
Concluding Remarks  
With the use of HSP, Ingham County will have one of the most 
sophisticated drainage programs in the Country. As the Drain Commis-
sioner states, "I believe we will be years ahead of other counties. 
We are developing the state-of-the-art and we can be one of the first 
to utilize these new techniques." The County is spending over $200,000 
to put the model into practice but feels that this cost will be returned 
to the taxpayer with more efficient drainage facilities in the years 
ahead. 
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APPENDIX E 
CITY OF TAMPA, FLORIDA 
The City of Tampa is located along the west coast of Florida in 
Hillsborough County. Following is a general discussion of the natural 
environment of Tampa and Hillsborough County (1). Because of some of the 
unique characteristics of this area, a more detailed discussion of the 
natural environment will be given than was included in the other case 
studies. 
Climate  
Tampa's climate is subtropical with long hot summers and short 
mild winters. This combination produces a mean annual temperature of 
72.2 degrees Fahrenheit. Although the summers are hot, thunderstorms 
prevent extremely hot temperatures. The all time record high temperature 
is 98 degrees Fahrenheit which occurred last on June 26, 1952. These 
extremes occur in late June when the rainy season is slow in beginning. 
The mean winter temperatures preclude a tropical climate for Tampa. 
Frost occurs almost every year and on rare occasions, a freeze will 
envelope the area. Tampa's all time record low temperature, 18 degrees 
Fahrenheit occurred in 1962. 
Summer thunderstorms accent Tampa's climate and are one of its 
most unusual weather phenomena. Tampa records a mean of 91 days each 
year with a thunderstorm. This is the largest rate of occurrence in the 
United States. Most of the thunderstorms occur during the summer rainy 
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season that usually starts in mid-June and extends through mid-September. 
This rainy season produces 60 percent of Tampa's mean annual rainfall 
rate of 49.23 inches (2). A typical summer thunderstorm will cause the 
temperature to drop from the low 90's to the low 70's. 
Hurricanes exert their influence on Tampa on the average of once 
in ten years. Hurricanes have brought Tampa's heaviest 24 hour rainfall 
(12.11 inches), highest wind speed (SE 75 mph), highest tides (15.0 feet 
above mean low water), and the lowest barometric pressure (28.15 inches 
of mercury). Although hurricanes can be very destructive, they usually 
become assets in that they replenish the water supply. 
Topography  
Hillsborough County's topography is divided into two general 
types, sandy hills and flatwoods. The sandy hills are remnants of pre-
historic beach ridges and sand dunes; hence today these hills are very 
sandy and dry. As the name implies, these areas contain gently rolling 
hills, numerous lakes, and very few streams. One of the major physical 
features is that almost all rainfall is absorbed into the soils, practi-
cally eliminating surface runoff. Most of Tampa is located on sandy 
hills. 
The flatwoods are prehistoric bay bottoms. They are topograph-
ically flat and can usually be identified by the natural vegetation of 
the pine and palmetto forest. The flatwoods are periodically flooded, 
contain a high water table and have very acid soils. Within the flat-
woods are scattered lakes, ponds, cypress domes and river swamps. Al-
though the drainage is poor, most streams within the County are found 
in the flatwoods. 
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These two regional types are very general and each contain excep-
tions. For example, each are interlaced with swamps. The importance 
of these regions is their effect upon the development pattern of Hills-
borough County and peninsular Florida. Most viable cities and towns in 
Florida are located on higher and drier land, meaning some type of sandy 
hills or ridges. 
Land Forms  
The term "land form" is applicable to each of many features that 
taken together make up the earth's surface. In Hillsborough County, one 
form predominates - a coastal plain. Other common land forms are lakes, 
hills, rivers, and a shoreline. 
The most unusual land forms within the County fall under the 
category of Karst topography, which encompasses springs, caves, sink 
holes, natural bridges, and disappearing streams. Karst forms have 
developed over thousands of years when limestone is dissolved by weak 
amounts of carbonic acid found in rain water. Underground cavities 
develop through which water flows and surfaces as springs. If the roof 
of an underground cavity collapses, the resultant land form is known 
as a sink hole. If sufficient time has passed, the sink hole will 
become a lake or pond known as solution lakes. Many lakes within Hills-
borough County are remnants of prehistoric sink holes. If a stream 
flows into a sink hole and disappears, this land form is referred to as 
a disappearing stream. 
Drainage Basins  
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amount of rainfall or the recharge rate. Extreme overpumping has oc-
curred in the western portion of Polk County as a result of the phos-
phate industry's operations. The result is a lowering of the water 
table in eastern Hillsborough County where the City of St. Petersburg 
and Pinellas County have established well fields. In this case numerous 
shallow water wells and lakes have depressed water tables. 
The initial water supply for the City of Tampa was from wells 
tapping the surface aquifer. Because of salt water intrusion and in-
creased water demands from a growing population, Tampa was forced to 
seek additional water sources. During 1925, the Tampa water works 
began pumping water from the Hillsborough River. 
Presently, the dam and reservoir on the Hillsborough River is 
inadequate. The system pumped 16,265,000,000 gallons in 1970 (3). 
The reservoir was the primary source, but during the spring months, 
when the Hillsborough River flow is at the lowest volume, Sulphur Springs 
serves as an auxiliary source. 
By 1990, the Hillsborough County Planning Commission projects 
that metropolitan Tampa's water needs will increase by 48.7 percent to 
approximately 24,000,000,000 gallons annually (4). Tampa is planning 
to meet this projected demand by establishing a well field northeast of 
the City (in the Hillsborough River Basin) in conjunction with Southwest 
Florida Water Management District. 
Another important water resource is Tampa Bay. Man is attracted 
to the shoreline for homesites and commercial establishments; he enjoys 
the bay as a place to swim, sail, and fish; and he uses the waters for 
commerce and the production of electric power. Ironically, the shore- 
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line has Ici , 11 aered for urban development, destroying spawning grounds 
for fish; the City of Tampa dumps primary treated sewage effluent into 
the bay, degrading swimming, fishing, and sailing waters. Phosphates 
and nitrates are dumped into the bay which ultimately causes odors from 
dying fish and vegetation. The phosphates are effluent from the large 
phosphate mining and manufacturing industry located in this area. 
Sewage effluent is a major source of nitrates. 
A 60 million gallon per day advanced waste treatment plant is 
now under construction by the City of Tampa which is designed to remove 
90 percent of suspended solids, BOD5,phosphorus, and nitrogen. 
Soils 
Soils are made of a combination of decomposed and disintegrated 
rocks, water, air, and microscopic plants and animals. Descriptions 
of the County's soils are best set forth by the following quotation 
by the United States Soil Conservation Service (5). 
The soils of Hillsborough County are similar in some character- 
istics and qualities, but vary greatly in others. As a consequence, 
they have a wide range of suitability for agricultural use. In 
general, they are nearly level or gently sloping, acid, very sandy, 
very permeable, low in clay, low in organic matter, and low in 
plant nutrients. Their natural drainage, however, ranges from very 
poor to excessive. Some are underlain by calcareous materials, and 
some have loose acid sand to a depth of several feet. Approximately 
176,000 acres of solids have a brown-stained pan at depths of 14 to 
42 inches, whereas other solids are entirely free of this layer. 
Major Flooding  
There is very little information available about the floods that 
have occurred in the Tampa area. The maximum known flood on the Hills-
borough River in the vicinity of Tampa occurred in September 1933. The 
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second highest flood was that of March 1960, the greatest of three 
damaging floods in 1960. To give some idea of the severity of these 
floods, the U.S. Geological Survey has estimated from their gage on the 
Hillsborough River that a flood with a return period of nine years 
would have a 14.2 foot stage on the Hillsborough River. The September 
1933 flood had a stage of approximately 19.5 feet while the stage of 
the March 1960 flood was 16.5 feet. 
There is no information concerning the damage caused by these 
floods or the possible damage that might result from a major flood with 
a return period of 50 or 100 years. The U.S. Corps of Engineers is 
presently working to establish the 100-year flood plain on Flood Plain 
Maps of the City. It is anticipated that these maps will be available 
in the mid 1970's. It was estimated by the City personnel that a 
considerable amount of existing development is within the 100-year 
flood plain. There is also some proposed development that will probably 
be within the 100-year flood plain. 
City of Tampa's Drainage Program  
Following is a brief discussion of the more important aspects 
of the City of Tampa's Drainage Program. 
Goals and Objectives 
The public works personnel reported that no specific goals or 
objectives have been formulated for their drainage program. They did 
state that their major goal was that the entire City should have a 
drainage system to protect everyone against damage from a storm with 
a 5-year return period. 
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City of Tampa's  Regulations Pertaining to  Drainage 
Following is a brief discussion of the City of Tampa's regulations 
pertaining to drainage. 
1. Section of the general zoning ordinance entitled, "Grading, 
Filling, Excavation and/or Removal of Soil and Earth Products, 
Permit and Bond Required, etc." - This section of the zoning 
ordinance is concerned with regulating development so that it 
will not affect surface drainage so as to damage surrounding 
areas. 
2. Zoning ordinance entitled, "Site Drainage and Grading Plans" - 
This ordinance gives the conditions under which site drainage 
and grading plans are required and the specific items which 
should be included in such plans (including appropriate 
calculations). 
3. Several sections of Tampa's Subdivision Regulations which 
relate to drainage - These regulations are primarily con-
cerned with the details of preparing and submitting drainage 
and site plans. 
4. City of Tampa's Department of Public Works recommended design 
criteria for retention basin design - These design criteria 
give the specific details of retention basin design (size of 
basin, bottom and side slopes, inlet-outlet design, land-
scaping, etc.). 
5. A proposed new section to the City of Tampa's Zoning Ordinance 
entilted, "Regulation of Flood-Prone Areas" - This section 
of the zoning ordinance would regulate the developments 
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located within the 100-year flood plain as determined by the 
City. This section also deals with fills in the flood plain 
area, flood-proofing measures, plans required, variances, 
and appeals. 
City of Tampa's Storm Water Retention Program  
In 1969 the City of Tampa's Public Works Department did a study 
of the entire City and selected areas for possible retention sites. 
These sites were then delineated on maps. These maps are used both 
to inform the engineers where the best retention sites are and to in-
form the public which land will probably be used for retention sites. 
After the sites are selected, the retention basins are designed and 
then the City purchases the needed land for these basins. 
The cost of these retention basins is distributed on a cost 
sharing basis to the developers involved (those whose development 
causes the increased runoff). A developer contributes according to 
the amount of runoff from his development calculated as a percentage 
of the total runoff to the retention basin. This cost sharing system 
is now only on a voluntary basis but the City personnel report no major 
problems in obtaining the funds from the developers. 
Retention basins are not required for every development but 
only on a case-by-case basis. The Public Works Department determines 
whether a development will need retention or not. Usually this deter-
mination is based on the capacity of the existing storm sewer system. 
The City of Tampa has done some economic analysis of existing and 
proposed retention basins and their results show about a 20 percent 
saving by using retention basins rather than increasing the capacity 
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of the sewer system to a capacity that would handle the increased run-
off. Retention basins that have been built are located within areas 
of the City where the price of land is relatively low. 
In order to gain public acceptance of the use of retention 
basins, the City has found that proper landscaping is an important 
element in their design. The City now spends a considerable amount 
of money for landscaping these areas. 
Hydrologic Studies  
A hydrologic study is required for every development within the 
City. The Public Works Department has recently proposed that small 
developments (1/2 acre or less) be exempt from this requirement. 
All of the hydrologic studies completed to date have been based 
on the rational method. The largest development where the rational 
method was used is approximately 500 acres. The City personnel ex-
pressed the opinion that since they are working in an urban area where 
the developments are almost always serviced by storm sewers, the 
rational method is satisfactory and they are not anticipating the use 
of any other methods in the near future. 
The City uses a hydrologic method for retention design called 
the Method of Instantaneous Runoff. Essentially this is the same method 
that DeKalb County, Georgia is now using which is based on the rational 
method. The City personnel stated that this method has been used for 
retention design by the State of Florida for 10 - 15 years and the 
method is widely accepted by local counties and cities. 
Flood Plains  
At the present time, the City does not nave maps showing the 
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limits of the 100-year flood but these maps are being prepared and 
should be available in the mid 1970's. The City does have maps showing 
the areas inundated by the peak recorded floods. Much of this infor-
mation is based on the 1960 flood, the last severe flood in the Tampa 
area. The City has not adopted any general restrictions on development 
in flood plain areas but has handled development on a case-by-case 
basis. The City personnel reported there is still development being 
proposed and built in flood plain areas. 
Maintenance  
The City maintains only the drainage network within their right-
of-way and drainage easements that have been accepted for maintenance. 
Those drainage works located on State property are maintained by the 
State. Where drainage works are located on private land, the mainte-
nance responsibility is left up to the owners of the property; however 
there are numerous old drainage ditches where public easements have 
not been granted or acquired and these are maintained by the City. 
The City used to require small retention basins to handle the runoff 
from single developments but found these became maintenance problems 
and that larger basins were better. The City has also found that basins 
without outlets have not functioned as efficiently as they were designed 
because of fine sediments filling the voids in the soil and reducing 
the percolation rate. 
Role of the Planning Department  
The Public Works Department drafted the ordinances dealing with 
drainage while the Planning Department has functioned as a reviewing 
agency. The Planning Department has been more interested in the 
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broader aspects of planning than in dealing with the City's drainage 
problems. 
Major Changes in the Drainage Program  
The major change that has occurred in the City of Tampa's 
Drainage Program is from a philosophy of getting the water off the 
land as quickly as possible to one of retaining the water in retention 
basins. 
Drainage Section  of the Public Works  Department  
In the Drainage Department there are five graduate engineers. 
The department personnel stated that they have time only for the day-
to-day work and thus do very little planning related work. In addition 
to new construction, the department receives about 8 - 10 new drainage 
complaints per month. The department now has about 120 current drainage 
problems which need the installation of storm sewers. 
Concluding Remarks  
Although Tampa has a very different climate and topography 
compared to the other areas studied, their approach to drainage and 
flood control is quite similar. Tampa's use of storage facilities, 
delineation of flood plain areas, and erosion and sediment control 
regulations are similar to many of the areas studied. The main differ-
ence in Tampa's regulations is the inclusion of a large amount of 
detail concerning flood-proofing and retention basin design which was 
not included in the other ordinances studied. 
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